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STAGED OCCLUSION OF THE CORONARV ARTERIES AND STUDIES 
UNDER LOW OXYGEN TENSION 

Donald AV. Hannon, M.D., John P. Alden, M.D., Joseph L. Spkafka, JI.D., 
Yale J. Katz, M.D., and Ivan D. Bakonofsky, M.D.* 

St. Paul and Minneapolis, JIinn. 


INTnODUCT/ON 

I T HAS long been the hope of investigators working with coronary artery 
oeclusion to develop a method of gradually occluding the arteries in dogs 
over a period of time, thus simulating coronary artery disease in man. Vari¬ 
ous methods of ocelusion have been attempted and described. These include 
the use of small metal bands,’ reactive materials such ns cellophane,” various 
methods of ligature,”’ ‘ and several ingenious clamps.”"” The major difficulties 
Avith most of these methods have been the problem of gauging the degrees of 
occlusion of the vessel and the difficulty encountered in producing final com¬ 
plete occlusion. The purpose of this paper is to present a method of producing 
staged occlusion of the coronary arteries together with the electrocardiographic 
changes which occur when these dogs are placed on decreased amount of 
oxygen. 

METHODS 


Small silver clamps of the type used by Goldblatt’ for the experimental 
production of renal hypertension were used (Fig. 1). During the course of a 
series of experiments on revascularization of the heart bj'- means of cardio- 
jejunopexy,’” these clamps were applied to all major branches of the coronary 
arteries in a large number of dogs. The technique of gradual occlusion was 


„ This _york was supported by prants from the Life Insurance Modlcal Research Fund. 
National Heart Institute, Public Ilcalth Service (H-t284 C), and the Minnesota Heart 
Association. 
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applied in the following inanneT; after the chest had been opened in tfc 
anesthetized dog, the clamps were applied about tlie desired vessel. Th 
vessel was then occluded to the desired amount by tightening the screw a 
number of turns selected to produce the desired degree of occlusion, Thi^ 
amounted to 31/2 turns for partial occlusion Avith the 3 mm. clamj) and 2V> 
turns for partial occlusion Avitli the 2 mm. elami)s. Two to four weeks later 
the dogs Avere re-operated upon, and the clamps Avere completely tightened 
Auricular appendage amputation at the time of the original placement of tlu 
clamps facilitated later dissections. 
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Fig" 1 -—Goldblatt clamp on plastic tube simulating placement on coronary artery. 

In order to demonstrate the effect of the occlusion, electrocardiogram! 
were made, using the method of Kiniiira.” After partial or complete coronarA 
artery occlusion Avas produced in 15 dogs, the effect of Ioaa' oxygen tension 01 
them Avas studied. This Avas done by taking electrocardiograms before am 
immediately after the animal was placed on a 10 per cent oxygen mixture foi 
ten minutes. Post-mortem examinations of the coronary a essels AA’'ere mad( 
Avhen the animals Avere sacrificed or died spontaneously. 

RESULTS 

In a seiies of 15 normal dogs in which the anterior descending ai’tery Acas 
occluded in stages as described, there were nine deaths. Six of the nine 
deaths occurred after the arteiy Avas completely occluded. In addition, the 
clamps Avere used on another seiies of 65 dogs on aaIucIi cardioieiuiiopexies 
had been done. 




Volume 32 
Number I 


STAGED OCCLUSTON OF COKONARY ARTERIES 


3 


The changes produeocl on the elcctrocarcliograin by partial narrowing of 
the anterior descending artery were: an elevation of S-T, and a depression 
of S-T; and S-T3. AVith complete occlusion of the vessel, these changes were 
usually accentuated (Fig. 2). 

AVhen placed on a gas mixture containing 10 per cent oxygen, 12 of 15 
dogs with complete occlusion of one or more coronary arteries showed depres¬ 
sion of the T wave or S-T changes (Fig. 3). Fifteen stock dogs were checked 
in a similar manner and only 1 .showed anv change in the T or S-T segment 
(Fig. 4). 

CONTROL SO% OCCLUSION 


100% OCCLUSION 



Lead III 






, OCCLUSION OF ANT. OESC. ARTERY IN CONTROL DOO 


•Fjg. 2 Changes proOuced on the electrocardlograrn by partial and 9 oinpl^-snarro\\ mg- of 
tlie anterior descending: artery. \ 

Post-mortem studies aftei- complete tightening of the clamps failed to 
reveal evidence of residual lumen in the coronary artery. In the normal con¬ 
trol dogs, coronary artery occlusion with the Goldblatt clamp in stages did not 
significantly lower the mortality rate as compared with acute ligations. 

DISCUSSION 

Ill order to simulate human coionaiy artery disease more closely, it has 
been felt that gradual occlusion is pieferable to acute eoronaiy arteiy liga¬ 
ture. In attempts to evaluate the effectiveness ot rovaseulariration procedines, 
staged occlusion is especially valuable. Acute ligature may be unsatisfactory 
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Fig. 3.—Control Dog. Changes produced in the electrocardiogram of a dog with complete 
occlusion of one or more coronary arteries when respired on a gas containing only 10 per 
cent oxygen for ten minutes. 
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Fig. 4.—^Normal Dog. Absence of changes on the electrocardiogram of stock dogs when 
spired on a gas mixture containing only 10 per cent oxygen for ten minutes. 
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as a true test of revascularization experiments, as there is no reason why 
collaterals that do develop should take over immediately following the acute 
tic-off. In addition, this method should bo valuable in providing material for 
studies of pathologic and phy.siologic changes of predetermined degrees of 
coronary arterj' occlusion. 

The Goldblatt clamp has been of definite value in our studies of e.xperi- 
mental coronary artery occlusion and myocardial revascularization. The 
presence of the screw on the top facilitates locating the clamps at subsequent 
operations and also makes it possible to regulate the degree of narrowing of 
the artery at each stage. AVe feel that the use of this method of coronaiy 
artery occlusion has been a valuable adjunct in our studies of coronary artery 
disease and revascularization of the heart. The changes produced wth 
anoxemia are probablj' similar to those produced by the anoxemia’- or the 
Alaster two-step test” in the human. The anoxemia changes which are usually 
reversible might be e.xcecdingly useful ns a means of measuring the therapeutic 
effectiveness of various drugs used eommonl.v for angina or coronary thrombo¬ 
sis in the human. 


Stl-MMARY AND CONCLUSION 

1. A method of producing staged occlusion of coronary arteries in the 
experimental animal has been presented. 

2. It is felt that the Goldblatt clamp is a particularly valuable tool in the 
study of experimental myocardial revascularization and coronary artery oeclu- 
sion. 

3. Dogs with e.xperimentally produced coronary artery occlusion quickly 
develop changes on the electrocardiogram when put on a gas mixture con¬ 
taining 10 per cent oxygen for ten minutes. 
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SUBGERY OF EVENTRATION OF THE DIAPHRAGM 

E. F. Chin, F.R.C.S.,^ Southampton, England, and R. B. Lynn, F.R.C.S.,**' 

Saskatoon, Saskatchewan 


A lthough a gross misnomer, “eventration of the diaphragm” is the elini- 
eal term accepted by usage to describe an abnormally high position of 
the intact diaphragm. 

This condition is a congenital abnormality and the term eventration should 
not be used in conditions where the phrenic nerve is paralyzed, either by a 
trauma, new growth, or as a result of a neuritis. The diagnosis of eventration 
should never be made if there is frank paradox of the diaphragm on deep, quick 
inspiration. The condition is still a rarity in comparison with many other 
diaphragmatic defects, partieularty hiatal hernia, but since the inception of 
mass x-i’ay more cases have been diseovered. Even so, in the last five yeai-s the 
Southampton and Portsmouth Mass X-ray Units have diagnosed only 32 cases 
in 412,000 subjects. This is an instance of 1 in 1,400 approximately. Another 
6 cases have been seen independently in this Unit. 

Reports of the surgical correction of eventration of the diaphragm are 
equally rare since less than 20 have been reported in the English literature up 
to 1953. Because of this, we feel that our experience of 5 patients Avith even¬ 
tration of the diaphragm treated successfully by surgery is worth recording. 


Etiology and Pathology .— We agree Avith Boyne-.Jones (1916), Clopton 
(1923), and Beck (1950) that this is a congenital abnormality. EA’^entration 
results from a failure of muscularization of the diaphragm. This may be 
localized or the Avhole dome may be involved, in Avhich ease the diaphragm is 
represented by a thin, diaphanous membrane attached peripherally to normal 
muscle. In the so-called acquired eventration, such an arrangement does not 
exist, but the diaphragm sIioavs a normally developed muscle and a normal 
central tendon; the only abnormality is that the muscle is extremely atrophic 
and the phrenic nerve is small, Avhich, Avhen faradically stimulated causes no 
contraction of the diaphragm. In true eventration the phrenic nerve appears 
normal and the muscular portion of the diaphragm contracts Augorously on 
faradic stimulation of the nerve and by its contraction pulls doAvn the mal- 
developed portion. 

It is often stated that there are associated congenital abnormalities and that 
this is a point in favor of eventration being a congenital defect. In the total 
cases revicAved, hoAvever, this has not been so. In one ease only was there an 
associated abnormality in the form of a foramen of Morgagni hernia. 


Keceived for publication Sept. 27, l95o. 

•Thoracic Surgical Unit, Southampton, England. 

••Assistant Professor of Surgery, University of Saskatchewan School of Medical Sciences, 
Saskatoon, Saskatchewan. 
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sui!gi;ky of i;vj:ntoation or fiapiihagii 


In o«r cxpeviencc, a loaaliaed eventration, even though less ^ 

more likelv to cause symptoms. Of the .surgical cases, m only 1 was tl’e 'vhole 
Tme involved. Of 38 eases u.ider review. .3 only had a .sght-sided cventratmn 
Sd of these 3 the eventration was bilateral. This marked selectton of 
the left side has been eommented on by Sanford (lBo3) (Fig. 1). 

Clinical Fcalurct.—in the series there was no dispaiity between the sexes 
of those cases discovered by mass x-ray. 15 weie males and 17 females and o 
the 5 patients operated upon, 3 were males and 2 were f 

be detected at ani- age; the range in our group was from 13 to .. >e 
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Fig- 


1—right-sided e^e^trntion Is shown 
localized left e\entratfon 


On screening 
The patient w as 


there was seen 
symptom-free 


to be a small 



There is no definite elinical picture by wliich the diagnosis 
In the newborn, eventration may cause death fiom cai .tpigntasis 

which may bo attributed to congenital heart disease or pu mon Vipcause 

However, it is due to a failure of the infant to oxygenate adequatdy because 
of impaired diaphragmatic movement, added to wiiicli tie emi ' . 

considerably reduced by space-occupying gut. Caidiac c isp acein .,0591 

be present, adding to the child’s difficulties (Eavitch an ® ® , 

Infautile eventration may not be as fiequcnt as was pievions 3 -nvnbnblv 

tainly by our definition of an eventration the numbers lepoi e ai . 
excessive, for c.xample, Bingham (1954) reports 2 eases o seieie les 
distress, but both liad paradoxical movement of the diap iiagm nnc, ; 
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turn, thej- iverc anatomical],- normal -t 

tables bad boon b«erL^LT'”'''' ntovc 

of oveotratic, b„, of birtl, i5orirt„ "-ert' 

life 1 ,'lici, increasing „-cight and" ra^si t “i 7”’”'" until adult 

«™pioms. All cases ,vi,h symptom "- 3 - produce 

gastromtoslinal but there ma, ira«ciat ' '^^^ Ttasc are usually 

oven cardtac distress. Sfa of the 38 uSs embarrassment and 

"etc gastromteslinal and included ep oastril nX"flf 1 '"“’ 'vWch 

Imd severe melena; tbi, patient ,,ill bf di ' „sre t 1 , ’’“''“ta- and 1 

- - be relieved by alltalis and is metre tLd"- “ri: 



2—Typical flneiings in e\entiation -with displacement of the heart to the ng^ht This 
patient liad an associated parasternal defect also 


)ain of peptic nicer. This pain is sometimes characteristically relieved by the 
•atient lying on the right side. The explanation for this is readily seen from 
lie barium studies. The only constant physical findings were audible bowel 
luiids in the left chest and displacement of the heart into the right hemi- 
lorax, so-called dextrocardia (Pig. 2) These findings are not confined to 
^entration and the diagnosis ultimately depends upon fluoroscopic and barium 
udies. 

Badiographic Findings .—Conspicuous elevation of the diaphragm which 
■esents a smooth unbroken curve is said to he one of the cardinal diagnostic 
atures of complete eventration. If the defect is localized, a cystic shadow 
i.y be reported 
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In dll cases sciccncd (one thud of the senes), the diaphiagm ^\ds mobile, 
though often limited in its lange of movement The final movement was al 
wajs downward on sniffing and the cventiation itscll prcsLiitod a dicrotiolike 
pattein The icasoii for this is obvious fot, as the ponpboral miiseulai iing 
contiaots, the lav cientiatcd poition does not take up qiiioklj and m some 
cases might move initiallv in a paiadovtcal mdiinci Tlicic is some delay befoie 
the muscle takes up the lav ineinbiaiious portion, which due to the using posi 
tive mtraabdominal piessuio and negative intiaplciual pressuie, travels up, but 
this IS chocked as the normal peiiphcial niuselc takes up the slack Its final 
movement thoiefoie is alwavs dovvmvaid This concuis with Evans and Simp 
son (1950), and Bisgaid (1937) 

This point IS borne out, a patient whose histoiv and v lavs vvcie suggestive 
of eventiation, hut whoso whole diaphiagm was markcdlj paiadovical thiougli all 
stages on sciecniiig Because of troublesome gastric svmptoms a suigic.sl re 
pail was caiiicd out and it was seen that the phrenic ncivc was atropine The 
diaphiagm failed to contiacl aftci faiadic stimulation of the neivc and evam 
ination of the diaphiagm itself showed that all the noimal components vveie 
pioscnt but the museulai poition was atiophic This case would fall into the 
group of so called aecimred cvcntiations 

Batium meal and enema aio iicqucntlv diagnostic as they inaj demon 
strate the stomach ioiled upside down vntli the splenic flcvuie alongside Ijing 
beneath the intact dome of the diaphiagm There is no refiiLv of bniium up the 
esophagus in the Trendelenbuig position In our patients, the stomach emptied 
rapidlj with the patient Ijing on the light side, which cvplains the iclief fiom 
pain obtained bv this maneuver In all patients the stomach appeared larger 
than noimal and this could be conducive to hemonhage and volvulus The onl> 
condition with which eventiation of the diaphiagm could be contused is a henna 
through the dome of the diaphragm Sciecning and ladiogiaphv will often 
fail to diffeicntiate the two This soil of defect on soieening will gn e a similar 
pattein to that found in eventiation (Figs 3 and 4) 


Treatment -—In the past it 1ms been stated that theie is no place for surgi¬ 
cal tieatnient In the majority of cases, treatment is unnecessary but m those 
people who have svmptoms surgerv should be undertaken We also advise eoi 
lection m voinig patients with a gioss ahnonnalitv because a physiologic opeia 
tion can easilv be peifoimed and the fault collected 


If the defect is localized, theie is no pioblom This meiolj^ means lesee 
tion of the membrane and sutuiing of the museulai components, care alwavs 
being taken not to jcopaidize the lateial division of the phrenic nerve When 
t e whole dome is involved, suigical lepair at first maj appeal formidable, but 
complete mobilization of the museulai component can be earned out, and aftci 
resection of the defectiv e pm tion, muscle to muscle suture pel formed A care 
ful dissection aiound the chest wall and the pericardium is impciative, niobihz 
ing the museulai portion of the diaphragm to its fullest evtent This museulai 


portion IS often well hidden and appears almost to he eoveied bv its own 
inemhiane Once it is fnllv mobilized, the affected poition of the diaphragm 
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Fig 5—Case 1 A and B, Lateral films with cxcessi\e resting gastric contents Th© 
barium studies show the rotation of the stomach upward Following repair, barium studies 
showed the stomach l>ing normally 
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can be resected and muscle-to-muscle suture performed. In none of these eases 
was it difficult to obtain muscular apposition, and postoperative screening showed 
an intact diaphragm with limited but normal movement on respiration. No 
reinforcement such as tantalum mesh or fascia lata grafts is neeessaiy. 

CASE REPORTS 

Case 1.—The patient, a man aged 43 yeais, whose symptoms began at the age of 31. 
He complained then of acute indigestion with pain radiating to the back. This acute 
epigastric pain persisted and was not particular]}' related to food. It was never re¬ 
lieved by medicines and after a meal there was troublesome flatulence. He always had a 
sensation of fullness in the stomach and this was aggravated if he sat up very long. When 
first seen his symptoms had progressed and the only way he could get relief was by lying 
down in bed. There was no history of dyspnea on exertion. The membranous portion of 
the diaphragm was resected, the peripheral muscle mass mobilized extensively and muscle- 
to-muscle suture performed. Since the operation he is free of symptoms. Postoperative 
barium studies show that the stomach is lying normally and the diaphragm moves down 
on inspiration (Fig. 5, A and B,'h’nd C). 



Fig. 5.—Gont’d. G, Posteroanterior fl>aphragm lower on the left side than 


C 4 SE o—The patient was a man, aged 67 years. One year prior to operation he had a 
melena'of such severitv that a tranfusion of 4 pints of blood was required. He was other¬ 
wise symptom free at' the time. Barium studies then showed an eventration with tj-pieal 
rotation of the stomach and no evidence of gastric or duodenal ulceration. Three months 
later he developed sharp pains in the epigastrium and the right hypochondrium occurring one- 
half hour after meals. Lj-ing on the right side relieved the pain At this time he Noticed 
dvsnnea which progressed until, upon admission, it aas so severe that he could not nalk and 
filk atVe same time. He had epigastric pain, flatulence, and a feeling of distention in the 
ablmen as if “blotvn up with tiind.- This was alnays relieied by Ijang on the right 
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„ „ —Case 2 Tins patient had severe and repeated melena and sastrostaxis. A a 

-Pre- and postoperative barium studies with typical rotation of the stomach upward. Pi 
lowing" repair, the stomach lies and empties normally. 
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side. He liad had several more small melena prior to admission and one while awaiting 
operation. In recent years he had been gaining weight and had put on nearly 28 pounds. 
Screening showed there was no true paradox and in the final phase of inspiration the site 
of the eventration moved downward. Thoracotomy revealed a localized eventration entirely 
surrounded by a muscular ring. The defect was excised and good apposition of muscle 
to muscle obtained. Since operation the symptoms have been completely relieved. Figs. 
6A and 615 show pre- and postoperative barium studies. 

Case 3.—^A boy, aged 13 years, had no symptoms but it was felt that such an extensive 
defect warranted repair (Fig. 2). At thoracotomy, there was an area of eventration about 
5 inches in diameter surrounded by a good muscular rim. Medial to the muscular rim was 
a small parasternal defect which contained extraperitoneal fat. Apposition of muscle to 
muscle was simple and postoperative studies showed that the diaphragm moved normally. 

The other cases in which operation was performed presented no technical 
difficulties and restoration of muscle to muscle was obtained. Postoperative 
screening showed a mobile, intact diaphragm. 

SUMMARY 

Surgery of eventration of the diaphragm is discussed and while 32 cases 
were seen only 5 required surgery for symptoms. 

It is felt that the use of foreign bodies is imnecessary in the repair of this 
defect, for with adequate mobilization of the muscular portion of the diaphragm, 
muscle-to-muscle suture can be performed after resection of the defective portion. 
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MULTIPLD BIB FBACTUBE WITH INSTABILITY OP CHEST AVALL 
Richard R Crutcher, jM D • A^D T^tIR^\ ell M Nolfn, M I) ** 
Lfmngton', IC\ 

D uring the past fifteen jcars fhcie has been a inathed impioiement in the 
moitalit}' and morbidity latcs of patients iMth multiple rib fiaetnrcs 
Tins eliange has been liiought about laigelj as a result of a better understand 
ing of respiratorj phisiology b} the medical profession and the eontiol ot 
infections bt the antibiotics A thoioiigli iiiiderstniidiiig of the nicchanies of 
respiiation, the altciations ivliieh take place folloMmg 11131111 , and the correction 
01 , prcferablj, preientioii of these changes is more impoitant than aiij suigical 
technique foi fixation of fiactured iibs AVe should like to emphasize 111 pai 
tieular the imiiortance of ( 1 ) earh iclief of pnciiniothoiax bi mscition of a 
laige intercostal cathetoi (No 28 or 30 P, Foley), (2) tcmpoian stabilization 
of an instable chest iiall bj cxteiiial traction, (3) icmoial of blood fioiii the 
pleuial canty when piesont m significant quantitj, (4) leplacement of blood 
\olume to iioimal Iciol, (5) nasotiaehcal suction eiery horn, which must 
stimulate cough to be effcotne, ( 6 ) tiaehcotomy if nasotiacheal suction is not 
cffeetiie or piactieal, and (7) iiiteicostal nerve block anesthesia if possible, 
lionetei, many patients hate extensile bilateral fiactures 01 othei coinplieatioiis 
11 Inch make this inipiactical at times 

Aftci accomplishing the stabilization of the patient and ascertaining that 
theie aie no luptuied iisecia or othci injuries necessitating pnoi ticatment, 
one should then consider permanent stabilization of the chest nail, if there is 
significant paiadoxical motion of the chest nail, 01 if theie is a coiisideiable 
defoimitv of the chest due to the fiactuied ribs Tneiitj’foiii hours is usualli 
siiffieient foi eialuation and stabilization of the patient 

The tieatment of multiple 11 b fractiiies nith paradoxical motion 01 de 
foimitj of the chest has not kept pace nith advances in othei branches of 
thoracic suigerj Theie aie three reasons foi desiring an impioied method foi 
tieating such injuries ( 1 ) competent investigators* “ have shonii that a 
moitality late of 10 to 20 pei cent exists in patients haiing rib fiactuies 
associated nith pleuial or lung complications, ( 2 ) the long peiiod of immobiliza 
tion in bed nith the tiaction technique, as advocated by Heroj and Eggleston,* 
has manv associated complications, and (3) last, but not least, the economic 
factor of pioloiiged hospitalization and time lost from the patient’s occupation 
demands a method of quickei reliabilifation of the patient AA*e shall desciibe 
in this report a method of treatment nhich ne think is an impioiemeiit on 
existing methods and has worked satisfactorili in out hands 

Presented at the Kentucky Surgical Socletj Meeting on Maj 20 1^.1* 

Receixed for publication Sept 27 19u5 

•Chief of the Thoracic Surgical Serxice St Joseph Hospital Lexington Kj 
••Resident In Thoracic Surgerj St Joseph Hospital Lexington Ki 
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Blades and Kent/ in 1940, advocated the simple expedient of drilling holes 
in the ends of sectioned ribs and securing tliem with silk ligatures as a method 
of fixing ribs at points of division. Klassen,-"' in 1949, advocated medullary 
pegging with autogenous medullary rib pegs as a method of obtaining a pain- 
free stable thorax following thoracotomy. Coleman and Coleman,® in 1950, 
advocated a method of wire fixation of the rib fragments. Overholt and Kenny,’ 
in 1952, devised a mortise and tenon fixation of divided ribs. 

^Ye have found tliat the stabilization of the fiail chest can best be accom¬ 
plished by the use of the intramedullary Eush nail. Wiring the fragments as 
advocated by Coleman and Coleman has been used where intramedullary fixa¬ 
tion is not practical. 

We have used both genei’al and local anesthesia with equally good results. 
General anesthesia through an endotracheal tube has been the method used in 
most cases, and should be chosen if any intrathoracic work is likelj". In a few 
patients we have used intercostal nerve block and local infiltration anesthesia 
where there was little or no pneumothorax or hemothorax. Although at least a 
small opening in the pleura is usually made during the procedure, the patient, 
with an intercostal tube in the pleural cavity which is attached to a water-seal 
bottle, can keep the lung expanded by coughing and blowing against the cheeks. 

The technique employed is to use a generous incision parallel to the ribs 
and over the center of maximal deformity or maximal paradoxical motion. The 
fractured ribs are exposed and a drill hole is made approximately 3 to 4 cm. 
from the ends of the fragments. The smallest diameter intramedullary nail of 
the Kush type, 6 to 8 cm. long, is then inserted so that the bevel of the nail will 
follow the contour of the rib. Wire sutures may be used for some of the upper 
ribs Avhich are not accessible through the incision. In our cases, three nails 
have been sufficient to give adequate stabilization of the chest, regardless of the 
number of ribs fractured. Often only two nails and sometimes only one nail, 
properly placed at the center of an area of paradoxical motion, will adequately 
stabilize the ribs. It is probably best if possible, however, to use two or three 
nails as one will sometimes become loosened by severe coughing. 

The advantages of this procedure are: (1) it gives better stability than 
other methods previously advocated, (2) the amount of pain that the patient 
has is greatly diminished, (3) much better anatomical approximation of the 
rib fragments can be obtained by this method, (4) blood and air may be aspirated 
from the pleural space at the time of surgerjq (5) the pleural space may be 
irrigated at the time of surgery, and (6) the patient can usually leave the 
hospital by the tenth to fifteenth postoperative day unless he has other injuries. 

We do not feel that it is necessary to remove these nails, but if it is 
desirable, this may be accomplished at a later date under local anesthesia as an 
office procedure. A few of the nails have worked loose over a period of several 
months. The end of the nail can be felt through the soft tissue. Usually the 
only symptom produced is the fact that the head of the nail can be felt by the 

patient. 

We have a total of 14 patients treated by some form of internal fixation. 
All of these have been traumatic fractures except one, which Avas an esophageal 
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I'esection where several ribs were divided for more adequate exposure. In 9 
of these patients intramedullary Hush nails only were used. Two patients were 
treated with a combination of intramcdnllaiy nail and ivire, u'hile in 3 patients 
wire only was used as a method of fixation. There have been no deaths in this 
group of 14 patients. 



Tig. 1.—Case 1. A, Roentgenogram showing fractures of the right second through eighth 
nbs, with the lowest four showing double fractures and marked o\errldlng of the posterior 
fractures. B, BostoperatUe roentgenogram showing expansion of the lung, and reduction with 
Intramedullary nails of fractures of the seventh and eighth nbs. 

CASE REPORTS 

Case 1.—-0. C,, a 4G-year old whifo man, was admitted to St. Joseph Hospital on Dec. 
IS, 1950. He had been cutting timber on December 13, when a tree fell on him. He was 
given emergency treatment at his local hospital. 

Examination on admission show'ed a deformity of the right lateral chest wall w’ith 
depression of the fourth through eighth ribs. TJic respiratory rate was 30. Breath sounds 
and voice sounds were absent o^er the entire right chest. Roentgenograms shoived multiple 
fractures of ribs on the right, second througli cightli, with the lowest four showing double 
fractures and marked overriding of the posterior fractures. TJierc v as a complete pneumo 
thorax on the right with a small amount of fluid at the base. 

On December 19, an intercostal catheter was inserted in the right second intercostal 
space and attached to a water-seal drainage bottle, with rapid expansion of the lung. On 
December 23, under general anesthesia, fractures of the right seventh and eighth ribs were 
reduced and immobilized Avitli Kush intramedullary nails. Fracture of the sixth rib w’as 
stabilized with stainless steel wire through drill holes in the ends of the fragments. A 
moderate amount of bloody fluid was removed from the pleural cavity. 

The postoperative course was complicated only by accumulation of pleural fluid, 
necessitating thoracenteses for removal. On one occa'*ion, streptokinase was injected to 
liquefy clotted fluid. The patient was dismissed from the liospital on tho fifteenth post' 
operative day (Fig. 1). 
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Case 2.—A. P., a 55-year-old white man, was admitted to St. Joseph Hospital on March 
27, 1951. He had been injured in an automobile accident twenty-four hours before admission. 
He had experienced severe pain in the left chest with difficulty in coughing and breathing 
since the accident. He was sent to the hospital under oxygen administration in the 
ambulance. He also gave a history of having had a heart attack five years previously, and 
subsequently had noted some exertional and nocturnal dyspnea. 

Admission examination showed marked mobility of fractured ribs on the left. The 
patient would not cough because of severe pain. The pulse was 100 to 110. Chest x-ray 
showed fractures of the left fifth through eleventh ribs, with considerable displacement of 
the seventh through tenth ribs. There was also moderate amount of fluid in the pleural cavity. 

The patient was treated with gastric suction for abdominal distention and sand bags 
to the injured chest, and was examined by a cardiologist who felt he could tolerate the 
anesthesia and surgery contemplated. 

On March 28, under general anestliesia, the fractured seventh, eighth and ninth ribs 
were immobilized by Bush nails, and intercostal polyethylene tubes were inserted for post¬ 
operative intercostal anesthesia. 

Postoperatively, the patient was much more comfortable and the chest wall was quite 
stable. The recovery was delayed however by development of pneumothorax necessitating 
the insertion of an intercostal catheter for expansion of the lung. He was dismissed from 
the hospital on the fifteenth postoperative day (Fig. 2). 



Fig. 
ribs, with 
genogram 
and ninth 


<> A Roentgenogram showing fractures of the left fifth through eleventh 
;;r<ulprabie ^sprncemlnt of the seventh through tenth ribs. B. Postoperative roent- 
’lowing reductmn of the fractures by intramedullary nails in the seventh, eighth. 


Case 3.—E. B., a 50-year-old white man, was admitted to St, Joseph Hospital on June 
2, 1952, a few hours after a tractor had turned over on him. 

On admission, the patient was in marked respiratory distress with forced e.xpirations 
and cyanosis in spite of oxygen administration. There was also an extensive wound of the 
right face. The blood pressure was 180/70, the pulse 140. There was an obvious deformity 
of the chest; the sternum was depressed below the medial end of the clavicle on the left, 
there was a complete separation of ribs from the sternum on flie right side, and depressed 
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fracture of the upper anterior ribs on the right. Moderately se^e^e subcutaneous cmplijscma 
could be seen and felt over tlic upper chest aud neck. The breath sounds uere indistinct and 
rhonchi nero loud over both loner lungs. 

Chest x-rny shoned bilateral pneumothorax with almost complete collapse of both upper 
lobes, and marked subcutaneous eruphysema of the chest and cervical region. Tliere were 
fractures of the anterior right first and second ribs with moderate displacement of the first rib. 

The patient was taken immedintoly to the operating room from the x-ray department, 
and an intercostal catheter was inserted in the anterior second space, right and left, and 
attached to a water-.seal drainage bottle. Air wns expressed under pressure from both pleural 
cavities when an opening was made for the catheter. There was immediate improvement 
in Uis breathing and color. A bilnteral intercostal nerve block was then done witli some 
relief of pain temporarily. The extensive face wound was debruled and closed under general 
anesthesia. 
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ight sternal margin, with complete separation 
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The patient continued to have considerable motion at the site of the costochondral 
fractures along the right sternal margin, and associated pain. On June 3, under local 
anesthesia, a Rush nail was inserted into the medullary canal of tlie right fifth nb across the 
fractured cartilage into the sternum. Tins stabilized the lower cliest, but there was still 
considerable motion in the upper chest so another incision was made over the right second 
rib, anteriorly. The sternum was fractured transversely at this level, so would not hold a 
Rush nail; therefore, the fractures were immobilized with wire and silk sutures. 

Postoperative Course .—^After admission to the hospital, nasotraclieal suction was done 
every hour. After forty-eight hours it was apparent that secretions were not being adequately 
evacuated from the tracheobronchial tree, so on June 4, a tracheotomy was done. The lungs 
remained expanded. There were moderate bronchopleatal air leaks for several days but these 
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cIoHed spontaiicouHly. TliomcentOHls was done on eneli side for rornoval of pieural fluid 
The p.-ilient was dismissed from the iiospital on the elevenfh day after admission or the tenth 
day after slahilization of the eliest wall (Fig. -i). 


Cask 4.~JL S., a 32-ycar-oid whiio woman, was admitted to .St. .Toseph Jtospital on 
.Tuly 23, 1054, witli history of hoinfj injured in an automobile aeeident three days previously. 
Slic liad liad marked difficulty in breatliing and coughing following the Injury. 

Admi.s.sion examination .showed the patient to be in obvious rcsjiiratory distrc.ss. .Stic 
was cyanotic propped up in bed in an oxygen tent, llespiratioris were rapid and labored with 
forced expirations. There was a moderate degree of paradoxical motion of tlic left lower 
chest wall. Tliere was evidence of multiple fractures of the ribs on the left, and fraetiiie of 
the left clavicle and right proximal humerus. Pneumotliorax had been present on the left 
side initially, but had been corrected by insertion of an intercostal catheter by her referring 
physician. Chest x-iay .showed multiple left rib fractures, second through ninth, fractured 
left clavicle and transverse fracture of the surgical neck of the right humerus. 



ji’ii- .)_Ciiso 4. A, Hoentnenoararn sliowlng multiple rib fraetures on the loft stdo, second 

through nlntti, and Iracturo of the left clavicle. I!. Po.stoperativo tpenlKcnpKram shovvlnc an 
IntnarncduUarv null In the fifth rib. The third and sixth ribs are Immobilized with stainless 
steel wire thr'ounh drill holes In the ends of the fruanients. 


Shortly after admission of the patient to the hospital, under local anesUicsia, the left 
seventh rib was gnispod with a uterine tenaculum in the anterior axillary line and a ,'j-pound 
weight attached with rope and pulley. This stabilized the chest wall very well, diminishing 
the pain and improving the respiratory exchange. The lungs were tpiite wet, so bronchoscopy 
was done in bed under local anesthesia with removal of a large quantity of secietions with 
suction. The morning after admission the lungs were deal and the patient was l)reathing 
easily with external traction. On .7uly 2.'j, under interco.stal nerve block and local intiUration 
anestliesia, the left fifth rib fracture was stabilized with an intramedullary Rush nail. Frac¬ 
tures of the left third and sixth ribs were immobilized with stainless steel wire through drill 
holes in the fragment.s. 

J^ostopcrativcly, the chest wall remained stable and the patient had much le.ss pain with 
coughing. There were no complications. The fmrliireiJ clavicle and humeius were 
treated by an orthopedic surgeon. She was disrnis.sed from the hospital on the ninth post¬ 
operative day (Fig. 4). 
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DISCUhSION 

A nail 01 pm of the Rush tjpc seems paiticiilaih applicable to multiple 
rib liactuios as it lestoies the iioimal coiitoui of the iib and gnes good stabilitj 
to the lib cage 111100 applied to onlj a fen iibs at the center of the defomiiti 
The principle of iminobihration of fiaetiiics bj this method has been ade 
qiiatelj described elseiiheie®” 

Technical consideialions~(1) The incision must be adequate to alloii the 
dull and nail to be inseitcd tangential]} to the 11 b (2) The smallest diameter 

Rush nail mai bo too laige foi leii small mdiiiduals We have not used the 
nails 111 am ehildien, but haie eneounteied this diffieiilti m a feu small adult 
women We haic used wiie sutures to approximate the fiagmcnts m these 
indniduals (3) In fractuies at 01 neai the postciioi angle of the iib it is 
necessaiw to bend the nail to appioximate the contoui of the 11 b, howcvei, the 
nail should fit tightl} and should maintain the 1101 mal contour of the 11 b 

SUMVARV 

(1) The geneial management of the patient with multiple nb fiaotiiics 
with instabilitj of the chest wall has been outlined 

(2) An opeiatiie method of permanent stabilization of the chest wall by 
intramedullan Rush nails is dcsciibcd 

(3) Foui-teen patients ha\e been Heated b\ open reduction and fixation of 
tiactuied ribs Nine of these hn\e been ticatcd with the Rush nails without 
othei methods ot fixation with satisfacton stabilization of the nb cage 

Dr 0 B Murplu iml Dr W K Massio, Le\iiiglon, Kentuclj, ha\t gi\on 
stiojis regarding use of tlie Rush intramedulhr^ naih 
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SUTUEE MATEEIAL AND TECHNIQUE FOE BEONCHIAL CLOSUEE 
AND BEONCHIAL ANASTOMOSIS 

Viking Olov Bjork, M.D. 

Stockholm, Sweden 

B EONCHIAL fistula is not at present a major problem after pulmonary 
resection. There is praeticallj'’ only one cause of a bronchial fistula, what¬ 
ever technique for bronchial closure has been used, and that is infection. The 
decreased incidence of bronchial fistula is therefore due to the antimicrobic 
therapy. Onlj’- once have I observed a bronchial fistula due to a suture being 
tied so tightly that it cut through the bronchial wall. At reoperation Lvo 
weeks after the first operation, no signs of infection were observed and healing 
was obtained by reamputation and suture. A bronchial fistula, at present, 
is a rare but severe complication. The incidence of suture granulomas is, 
however, so liigli that I have made an effort to avoid them. 

The suture granulomas are especially harmful in two groups of patients: 
(1) After bronchial closure in cases of resection for pulmonarj’' tuberculosis. 
The suture granulomas cause an irritating cough until the sutures are coughed 
up or are removed by bronchoscopjL The suture granulomas are often found 
to contain tuberculous tissue and give rise to a positive guinea pig test on 
sputum or the gastric washing. After removal of the suture granulomas, the 
guinea pig test will often turn negative. (2) In cases with bronchial anasto¬ 
mosis. Several suture granulomas along the suture line will obstruct the lumen 
and cause an atelectasis. 

Stainless steel sutures were first used as suture material. In the presence 
of infection, however, bronchial fistulas did occur. The stainless steel sutures 
often caused tuberculous suture granulomas, and they were difficult to remove 
b,y bronchoscopy. We therefore abandoned the use of stainless steel sutures 
and favored silk sutures on Atraumatic needles. The incidence of suture 
granulomas did not diminish but the silk sutures were much easier to remove. 
In cases of bronchial and bronchotracheal anastomosis, the suture granulomas 
obstructed the lumen and most of the sutures had to be removed by bron¬ 
choscopy. Some sutures were coughed up. 

In order to avoid suture granulomas, I am now using only chromic catgut 
on Atraumatic needles (Ethicon 30-day chromic catgut is used, although no 
difference was encountered with the 20-day chromic catgut). The bronchial 
fistulas have not increased and the suture granulomas have disappeared. 
Chromic catgut as suture material for the bronchus has already been used by 

From Sabbatsberg- Hospital. Surgeon-in-Chief: C. Crafoord. M.D.. Professor. 

This work was aided by Tlie Swedish National Association Against Tuberculosis. 

Received for publication Oct. 4, 1955. 
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Bi'unii in 1929 for ono-stagc lobectomy, by Shenstone and Janes in 1932 
for tlie tourniciuet lobecfomj’, and by Graham in 1933 in ids historic, first sue- 
eessfiil one-stage pneumonectomy for carcinoma. The fistula that did develop 
was not due to the suture material but to the infection. Now we can avoid 
suture granulomas by going back to eatgut as suture matetial for the bronchus 



1 A clamp Is placed on the bronchus peripheral to the dlt Islon, but not on the central 
stump The bronchial tree is aspirated before the bronchus is closed 

JHETIIODS 

I. Earlier we used the invagination technique for bronebial closure 
described by Crafoord. Excellent results were obtained by this method even 
before the introduction of antimicrobic therapy. The invagination is easy to 
perform on a soft bronchus, especially after a pneumonectomy. A pedicled 
pleural flap was sutured over the bronchus. 
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II. Isolated stainless steel sntnres and later silk sutures were used for 
bronchial closure in a group of eases for comparison with the invagination 
technique. A pedicled pleural flap was sutured around the bronchus. 

Ill and IV. Catgut sutures on Atraumatic needles were used as the suture 
material. In Group III, fine Deknatel silk sutures were placed between the 





Pig. 2.—^Thc 
crystals 


bronchus is closed with one row of isolated terminal catgut sutures, 
are placed under a pedicled pleural flap sutured around the bronchial 


Streptomycin 

stump. 
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catgut sutures, care being taken to place the silk siituies e\tiaiiiiieosal ulioii 
possible Ill Gioiip IV, oiilj eatgiit sutiues iveie used The bionehial stump 
uas aluajs coieiod ivitli a pcdielcd pleuial flap The picsoiit technique foi 
bionehial elosiiie is as follows 

1 In oidei to avoid tinuma to the bionehial stump, a contial 
clamp IS never used and the hioneluis is ticated open Aiiv aeciimu 
lated ^eeiction is siieked out lust The pioiic position is used in 
cases VI ith tubei eulosis, sec Tig 1 

3 To avoid sufuie giamtlomas, catgut on Afiaiimatie needles ,s 
used Foi a segmental Inonchus, No 4 0 01 3 0 catgut is used, foi a 
lobar hionchus No 3 0 and foi a pncunioncetomj No 3 0 01 2 0 is 
used One lou of isolated tciminal siituies is used Thev should not 
be tied too tightlv 01 thev mav cut through 

j In oidci to dimmish the dangei of infection with bionehial 
fistula, a high local coneentiation of strepfomvcin is obtained bv 
placing sticptomvcin eijstals iindei the pedicled pleuial flap which is 
sutured on the hionehus, sec Tig 2 

BLSULTS 

In oidei to evaluate the diffcicnt techniques foi bionehial elosiiie oiih 
oases of pneumonectomies and lobectomies foi piilmonaij tiiboieulosis have 
been anahzed The mo dence of fistulas m cases of segmental leseotion is 
higliei, but these fistulas ais often due to leakage fiom the resection aiea 
As it mav be difficult to piove if a fistula is localized in the segmental bronchus 
01 in the leseetion area, eases with segmental leseetion aie e\cliided fioiii 
this analjsis 

Pneumonectomies—The findings fioin 146 piieiiinonectoniies aie shown in 
Table I Theie aie altogethei 3 cases of bionehial fistula (21 pei cent), 2 
weie caused bj a tuberculous infection, the thud was secondaij to a staph} 
lococcal empjema The 2 cases with tiibeiciilous infection weie leopeiated 
upon, the bronchus closed with stainless steel siituies, and the thoiaeoplastv 
enlaiged In both cases, the hionehus leopened aftei a few da}s and the 
patients died latei on Invagination will not pievent a bionehial fistula in the 
pieseiice of infection 


Tame I The Covii licvtioss or BROncniAL Closore Afiei Preovionectomies fop 
PURMON vrv Tubfpcolosis 


TECHNIQUE OF 1 

BPONCniAL CLOSURE } 

TOrvLNUMBFP 1 
or CASES 1 

BpONCIIIAI 1 

FISTULV , 

suTUpr 

rK\NULOM\ 

1 In\ agination 

G5 

1 

4 

ll Isolated silk or stainless 

42 

1 

s 

steel sutures 

III Catgut -h Silk 

tap. 

0 

0 

I\ Catgut 

1 

0 

TOT\L 

]4(i 

2 

12 
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Twelve of tlie 107 cases in which the bronchus was closed with silk or 
stainless steel sutures had to liave the sutures removed from the bronchial 
stump by bronchoscopy. One of these patients had to liave 5 bronchoscopies 
performed for removal of sutures causing granulomas. (This incidence of 
suture granuloma ma}^ be too low as only patients with a long-standing irri¬ 
tating cough Avei-e bronchoseoped.) 

Five patients reported that they coughed up sutures. Naturally, more 
patients have coughed up sutures without noticing or reporting it. No suture 
granulomas have been found in tlie eases with the bronchus closed with catgut. 

Lohectomies .—The findings in 230 cases of lobectomy for pulmonary tuber¬ 
culosis are summarized in Table II. The invagination technique was used 


Table II. The Complications of Bronchial Closure After Lobectomies for Pulmonary 

Tuberculosis 


technique of 

BRONCHIAL CLOSURE 

TOTAL NUMBER 

OP CASES 

BRONCHIAL 

FISTULA 

1 SUTURE 

1 GRANULOMA 

I. Invagination 

4 

0 

0 

II. Isolated silk or stainless 
steel sutures 

113 

3 

17 

III. Catgut + silk 

Si™ 

0 

0 

IV. Catgut 

0 

0 

TOTAL 

230 

3 

17 


in onl}’- 4 cases. There is a danger in invaginating the bronchus too much of 
obstructing the proximal bronchus. As nothing is to be gained by the invagi¬ 
nation technique, the simple closure described is preferred. 

Fistula: There were 3 eases complicated with bronchial fistula, 1 due to 
a tuberculous infection, 1 followed an infection with Staphylococcus aureus 
in a plastic plomb placed extrapleurally after the lobectomy. The third 
bronchial fistula followed a lobectomy in which a staphylococcal empyema was 
opened during operation. All 3 cases were reoperated on, the bronchus closed 
Avith stainless steel sutures or silk but the bronchus reopened in all 3 cases 
after a feiv days. Tavo patients died, 1 (Avith the infected plomb) smwived 
after a AAude excision of the chest Avail (Schede thoracoplastjO ■ 

Sutures had to be removed in 17 of 117 cases having the bronchus 
closed Avith nonabsorbable suture material. This incidence of suture granuloma 
mav be too Ioav as only patients Avith an irritating cough Avere bronchoseoped. 
The suture granuloma may contain tuberculous tissue and be a serious compli¬ 
cation. In one ease a reoperatioii was necessaiy (see Case 1). 

CASE REPORT 

Case 1. A 2S-year-old woman had tlie basal segments of the right lower lobe removed 
iu 1950 for a tuberculous cavity. The bronchus was closed by four isolated stainless steel 
sutures aud one running suture of fine linen. The stump was covered by a pedicled pleural 
flap Durino- the following four years, the patient had eight bronchoscopies performed for 
treatment of tuberculous suture granulomas. All of the stainless steel sutures could not 
be removed through the bronchoscope. In 1953, the patient developed a tuberculous cavity 
in the remaining superior segment of the right lower lobe. In June, 1954, a resection of 
this superior seo-ment right lower lobe was performed as well as a reamputation of the 
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lower lobe broncliu«? above the old suture hnc Inspection of this suture line slioned a 
stainless steel suture in the center of necrotic mucosa Tlie stainless steel suture uas 
surrounded b\ granulation tissue uliich proved to be tuberculous at the microscopic investi 
g vtion 

Tlieic were 7 cases \Mtli liionchotiatlical oi biondiial anastomosis In 3 
cases, tlio anastomosis ivas peifoimed witJi silk sntiiics All 3 patients had 
to ha\e the sutuies lemoied In bi onelioscopi Sutuie gramilomas aioiind the 
suture line caused paitial obstmetion and 1 patient had to }n^e six bionchos 
copies pcifoiined foi lemoial of all silk sutuics befoio healing nas obtained 
In 4 cases, the hionehial oi hionchotiachcal anastomosis nas performed with 
chiomic catgut sutures Bionehoseopie contiol aitei one to two months le 
sealed smooth healing of the sntuic line with no suture gianulomas 


SUXIXIARX 

Bionehial fistula is a raie complication prnctieallj alwajs due to infection 
The incidence of bronchial fistula does not incicasc if catgut is used as suture 
mateiial 

The use of nonabsoibable sutiiic mateiial has caused sutiiic gianulomas 
m a significant number of cases In eases of bionohial oi bionchotraeheal 
anastomosis, the sutiue granulomas maj obstnict the lumen In cases of 
resection foi pulmonai'y' tuberculosis, tiibeiculoiis granulations maj be found 
aiound the sutuio The use of catgut will pieient the formation of sutnie 
gianulomas 
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INTRACAEDIAC ANGIOGRAPHY; CONTROLLED INSTANTANEOUS 
INTRA-ATRIAL RELEASE OP CONTRAST MATERIAL IN MAN 

Bernard L. Bropman, ]\I.D.*' 

CLE^'ELAND, OhIO 

S INCE the demonstratiou of the practical applications of angiocardiography 
by Robb and Steinberg in 1938/ numerous modifications have been set 
forth. However, little alteration of their basic method has occurred. Technical 
advances have followed two courses: (1) improving the technique and increas- 
ing the frequency of serial 2 -adio«' 2 *aph.r, and (2) aehie-riiig adequate eoneen- 
tration and localization of contrast substances. 

1. Biplanar exposures at a rate of ten to twelve per second- and cine- 
fiuorography^ promde excellent serial visualization of the flow of contrast 
material through the heart and great vessels. Unfortunately, this requires 
complex expensive equipment. Generally, rapid cassette changers,-' or roll 
film magazines® are adequate for most clinical work. As a matter of fact, 
single or timed multiple exposures with existing x-ray equipment may prove 
satisfactory, although such techniques are probably no longer justified. 

2. Adequate concentration of the contrast material to permit visualization 
can be produced only by very rapid injection of the viscous, higlily concen¬ 
trated contrast substance into a suitable vein.^ To prevent dilution of the dye 
as it enters ■\da the systemic veins into the heai’t, large-bore intracardiac 
catheters have been inserted via the external jugular vein.-* “Selective” 
angiograms can be obtained by means of a No. 9 cardiac catheter with the 
contrast material injected under great pressure.' Direct heart puncture allows 
injection of the contrast substance into one of the ventricles® or into the left 
auricle.® Artificial reduction of intrathoracic circulation as an aid in angio- 
cardiograph.A’- has recently been px’oposed.'® 

In onr experience, adequate angiocardiograpliic visualization can be ob¬ 
tained in most children using the standard technique of injection of the con¬ 
trast material (usually 70 per cent Diodrast) into a suitable arm vein. The 
roll film magazine provides exposures at one-half to one second intervals. How¬ 
ever, satisfactory visualization in adults is limited by the rapid dilution of the 
injected substance. Rapid intravenous injection of 70 per cent Diodrast in 
volumes of 40 to 50 c.c. is hard to achieve. Particularly in patients with 
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“e„nd'°aftrl J" ® (“■'^aally in 60 seconds). One 

second aftei x-.ay exposures at one-half to one second intervals are hesun 

prox?mri cnTof ttcTu “ f *'"= I'olding the 

pxoxmal end of the balloon, resulting in sudden liberation of the contained 

solntton. The catheter is withdrawn as soon as the exposnres are clpTted 

RESULTS 

Satisfactory x-ray visualization has been obtained in the first 5 natient. 
studied. The illustration herein presented is from the fifth patient studied and 
represents the best result so far achieved. This patient was an eighteen-year-old 



Fig-. lA.—Halloon-tipped catheter for controlled instantaneous release of contrast material 
in right atrium. The upper fitting, is for injection of contrast material via that lumen into 
the balloon at the tip. From the lower fitting, II, emerges a fine stainless steel wire IV ex¬ 
tending down this lumen. Pressure on the spring clamp, G, causes the wire to puil d’own the 
cuff which had secured the proximal end of the balloon. 



Fig. l-B.—Close-up of tip of catheter, actual size. B, latex balloon securely held by 
tight rubber cuff. R. Balloon is inflated via lumen I through hollow stainless steel tubing T 
ending in single-lumen catheter which is blocked off at its tip; an opening at its side at o’ 
inflates the balloon. Two fine silk ligatures, B, tied proximal to a shoulder S on' T are 
drawn under cuff, R, and then back over to be tied to the end of the wire TV ^which runs 
parallel to T, and ends in a ring, H, just proximal to shoulder, S. 

After the balloon is inflated by the desired volume, sudden tension on the wire pulls 
down the two silk ligatures causing cuff, R, to roll back off the proximal end of the balloon 
so that the contained material is suddenly liberated. 
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female ■with scvcie limitation fiom infancy, cine to congenital heart disease. 
A clinical diagnosis ot imlmonic stenosis was made. At eaidiao catheteriration, 
a classical pulmonary artery-right ventricular iiressure gi-adieiit of soveie pnl- 
monio stenosis -was demonstrated (Fig. 2). The abrupt tiansition Iroin the 
low pulmonary artery pressure to the verj- higli right ventrierdar pressure 
established the fact tliat the stenosis was valvular (rather than infundibular). 


-rn- —ri- r- -i - 1—T-fT*' I "1 





80-‘ 

; 40 - : ‘ A 

I ■. * i • • i 

PA. t R.V. 


I<ls 4—Isolated \ahular pulmonic stenosis Pressure tracinss as catheter tip uas slouly 
Tvithdra^vn from pulmonary artery (PA) to right \entricle (RV) shO\% abrupt tran'iition at the 
pulmonic \al\c (arrou) from lou to very high pressure (Electrocarcliograin, Lead II. 
recorded simultaneously.) 


The ilhistrations in Fig. 3 were selected from a series obtained clnring 
iiitracarcliao angiography performed on tiiis patient using the previously de¬ 
scribed technique. Fig. 3, A shows the inflated lialloon in place in the right 
atrium .rust befoie relea.se of the contrast Diateii<il. In Fig. 3, U, one-half 
second after release, excellent visnalization of the right ventricle is obtained. 
Fig. 3, G and V demonstrate the pulmonic valve during diastole and systole. 
Tlie valve appears to be displaced somewhat upward and the outflow tract of 
the right ■\cntriclc appears nan owed. 

Operation was performed by Dr. Claude S. Beck. The diagnosis and the 
position of the stenotic valve rvei’O confirmed; the very thick-'H’alled outflow 
tract of the right vcirtriele was demonstrated Section of the valve was followed 
by air excellent pressure response Significant clinical improvement has re¬ 
sulted. 
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.. firKrioeTaDliy by controlled instantaneous release of 40 c.c. of 70 

per cent’ Di^ras't m right atrium. Eighteen-year-old girl with isolated valvular pulmonic 
stenosis. Anteroposterior projection. . , ^ ^ ^ ^ 

stenos Balloon inflated with 40 c.c. of Diodrast m right atrium, just before relase. 

„ T ic nftor release Note reflux up superior vena cava. The internal archi- 

tecturf'o'f"?hf HghTvenfrM il well’ shown. The dye is just about to enter the pulmonary 

fine-half second later, during, diastole Arrow is just at pulmonic valve. Architecture 
of valve demonstrated, and tiny "string sign dye. . 

11 One-half second later, during systole. Outflow tract of right ventricle narrower than 
C witl/ larger opening in pulmonic valve. 
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Similar intracardiue angiograms have been performed in patients with 
the following: Ebstein’s disease, tricuspid stenosis (postoperative), atrial septal 
defect, and mitral insufficiency. 

COJIHENT 

In view of the inherent danger of occlusion of one or more of the orifices 
of the right atrium, it was considered advisable to carry out the first studies 
in patients with enlarged right atria. However, since inflation of the balloon 
and release can be carried out within one minute, any possible ball-valve effect 
can only be temporary. 

In the first fi ])atients in whom the complete procedure was caiTicd out, 
the over-all reaction to sudden liberation of the dye appeared less severe than 
is usually observed with standard injection. Presumably, although a higher 
instantaneous concentration of dye perfuses the cerebral and coronary vessels, 
its rapid dispei-sal would make it less dangerous than perfusion of the vessel 
with a somewhat lower concentration hut for a relatively much longer period 
of time. 

Although filirin particles are occasionally found on the catheter after 
removal, in the absonee of a significant right-to-left shunt this appears to be 
of no consequence. 

It appears that this method of instantaneous release of contrast material 
in the right atrium allows for more accurate timing of flow through the various 
cardiae ehambors, Purthermorc, the presence of a more concentrated “bolus” 
gives a higher concentration of contrast material for a longer period of time. 
The undesirable factor of continued flow into the right atrium from the 
superior vena eava is obviated. Superimposition of contrast material in various 
chambers is reduced. 

Since the substance within the balloon is relatively noncompressible, sudden 
release docs not greatly alter intracardiae flow pressure relationships such as 
would occur with introduction of the material under great pressure via an 
intracardiae needle or catheter. 

General anesthesia, as required for most of the other special methods, has 
not been necessary, so that maximum patient cooperation can be obtained. Posi¬ 
tioning of the patient is particularly easy, more so even than for ordinaiy 
angiocardiography. Once the catheter position is secured, the patient’s arm 
need not be held elevated to obtain rapid injection of the dye. Injection into 
the catheter can be done in any comfortable position. 

'Where no special serial radiography apparatus is available, this method 
permits more accurate timing of the selected exposures. Unfortunately, how¬ 
ever, repeat studies can only be done following removal of the catheter, reas¬ 
sembly of the balloon and release mechtanism, and reinsertion of the catheter. 

Since none of the highly concentrated contrast material comes into contact 
with the systemic vein used for insertion of the catheter, there is less likelihood 
of severe thrombophlebitis, although tlie catheter itself is somewhat irritating. 
There is no evidence that the sudden liberation of the material inside the heart 
produces endocardial irritation. 
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Tuu’Uiei' studies are now being pcrfonned. )Sininllancous recordings of 
intiaeai’diae pressures, nrierinl pressure, and eiccti'ocardiogi'arn are being 
carried out during inflation and release of tlie balloon. An apparatus has 
been designed to coi-relalc )'elea.se and x-ray exposures with ])bases of tbe 
cardiac cycle. 

smiMAuy 


By means of a .specially designed balioon-tipped caj-diac catheter, a large 
volume of contrast material may be released in.stanlaneously in the right atrium. 
This appears to bo a safe aiid effective metliod for achieving adequale visualiza¬ 
tion for angiocai-diograpbic purposes. 

fn tbe fiT'St 5 patients studied, the J’apid liberation of the materia) produced 
no unlowai’d effects. Studies in a patient with congenital pulmonic stenosis 
are presented. Excellent visualization of tbe i-igbt ventricle and stenotic 
pulmonic valve are demonstrnfed. 

Eurther studies are now being conducted to detei-mine the hemodynamic 
and electrocardiographic effects of this ])roecdure and also to develop a cathetcj’ 
suitable for ma.ss ])roduclion. 

1 wish to acltnowlcdge flio fcclinical aHHiHlaiice of Uio following; Jicraard L. CliaruiH, 
M.J)., Joliii Elder, M.D., Meivyn Reydnian, M.D., Robert Newman, M.J)., Miiry Ellen Bock, 
Howard Siegel, Jkfary Rizika, J)eloro.s Fader, and Lon Vaclia—all of wlioin eorilributed to 
the development of llie niolliod. 


ADDKNDUiAI 

Since llii.H report wa.s .siibinitlcd, a Hiiigle lumen catlieter willi a Himpli/led rcleaHO 
mechanism Itas been dcvlHod, allowing more rapid injection and roJeawo of contrawt ma¬ 
terial. More than 2(3 .stiidio.s have boon carried out, pnrliciilarly in paliontH W'illi rlieunmtic 
heart di.soa.so being conxidered for oj)eration. Excellent roHullH have Inion achieved (to bo 
Tei)or(ed Hub.socjucntly) williont untoward etfccts. 
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]\ti:LANOCARCINOMA OF THE ESOPHAGUS 
AViLLiAAt E Loring, MD, and Robhri Zkppv, he 
Chapel Iln l, N C 

INTRODUCTION 

S INCE Baiir’s fust lepoitcd ease of malignant inclaiionia of the esopliagus in 
1^06/ a total of 15 ha\e appealed m the -woild litciature ” Tlic se\en 
teenth case, ^\hlch is desciibed beloA\, piompted us to ic\ie'\\ the a^allable mate 
iial in an attempt to resoUc it into a coiicietc ehnieal and pathologic pictiue that 
might aid in the futuic diagnosis and ticatmcnt 

C\sr RIPORT 

F M, 1 Gljearold Nep^ro v-oman, was first adrmttod to the North Cnrohna Momori'il 
Hospital on Julj 15, 1954, ^^lth the chief compHint of ‘‘difficult} in sunllouing^' solid food 
of nbout four luonths^ duration She experienced the «en«ation of food “petting stuck down 
deep*’ accompanied bj mild cpignslnc burning and interscapular pain Liquids m small 
quantities passed frccl}*, and there was no historj of cough vomiting, sialorrhea, or hoarse 
ness She had lost about 20 pounds since the onset of hei illness Her general health had 
alwajs been excellent, and the review of sj^tenis was noncoutributor} 

At the time of physical examination, the patient appeired as a well developed, rnodcratcl} 
well nourished, elderly Negro woman m no acute distress Tlic temperature was 90* F, blood 
pressure 130/80, and pulse 80 A critical examination of each of the s}stems was csscntiall} 
negative 

Boutine laborator} studies that included a, complete blood count, unnal}Sis, blood urei 
nitrogen, carbon dioxide capacit}, scrum chlorides, sodium and potassium, total proteins, and 
albumin were all w-ithm normal limits An clcctroeardiogrniu was not reraarl able 

A barium swallow outlined the esophagus in its entirotj An irregular, lobulated filling 
defect was described at the junction of tlie middle and distal thirds (Figs 1 and 2) The 
radiologic impression was fungatmg carcinoma of the esophagus 

On the second hospital day, a broncho copy and an esophagoscopy were performed 
The bronchoscop} revealed no abnormalities, but a large, poljpoid, dark bluish mass was 
encountered in the esophagus at the level described bj the radiologist A biops} was taken 
The histologic sections revealed a normal mucosa, submucosal infiltration bj pleomorphic, 
anaplastic appearing cells containing varvmg sized, brownish pigmented granule** that were 
nonreactive to iron stains The pathologic diagnosis was malignant melanoma The skin, 
ejes anus, rectum, and gemtalia were carefullj reexamined for a po'ssible pnmarj site but 
none was found Urinalysis for melanin was negative 

On the fifth hospital da}, nn esophagectom}, esophagogastrostom}, and p\IoropHst} 
were carried out through a left thoracotomy incision The csophagu** was not fixed to the 
adjacent mediastinal structures Abdominal exploration revealed no gross liver metnstases 
but pigmented lymph nodes were found near the cell le axis and along the distal third of 
the esophagus The patient tolerited the procedure well 

Pathologic examination of the surgical specimen revelled a 14 cm segment of esophagus 
with regional lymph nodes attached (Fig 3) Five centimeters from the proximal end was a 

From the Departments of Patholoes and Surgerj School of arcdfcine UnlV''»* <' 
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single, deeply pigmented, firm, pedunculated tumor mass measuring 4 by 2.5 by 1 cm. Its 
pedicle was broad, measuring approximately 2 cm. across and 3 cm. in length. The surface 
of the lesion was irregularly lobulated and coveicd in part by dull gray epitliclium. Shallow 
superficial areas of ulceration were common and occasionally confluent. On sectioTi tin' cut 
surface was dark brown. It sliowcd no gross evidence of necrosis, hemorrhage, or extension 
into the underlying muscle. About the point of pedicle attachment to the wall, there weic 
numerou.s, raised, purplish, "daughter’' le.sions that mca.sured up to 1 cm. in diameter. The 
mucosa of the distal 7 cm. was gray and unremarkable. Ad.iacent to the tumor, it was 
diffusely purple in color. All of tlie attached regional lymph nodes were found to bo slightly 
enlarged and deeply pigmented. 



Fig. 1. 2- 


Figs. 1 


2_-nariuin contrast studie.s of esophagus .showjng filling defect near junction 
of middle and lower thirds. 



. 0-110 rptonved at operation rontaining polypiform inelanocar- 

c,non,r’;;iU\~Sea pigmentation of the distal legional lymph nodes and adjacent proximal 


mucosa. 
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Jlicroscopic examination of nuniorous sections revealed essentially the same picture. 
The neoplasm was exceedingly cellular and showed marked anisocytosis, nnisonucleosis, indis¬ 
tinct cell borders^ frequent mitotic figures, and excessive extra* and intracellular brown pig¬ 
ment (Fig. •!). 

The ovorl^ung epithelium was compressed, and a striking adjacent junctional change, 
was present. Irregularly replacing the basal laj'or and extending slightly into the subimicosa 
was a loose network of altered epithelial cell.s. These showed a wide range of variation in 
nuclear size, shape, and staining qualities, prominent nucleoli, markedly reduced cytoplasm, 
and both intra- and extracellular deposits of dark-l>ro3vn pigment. A representative area is 
shoun in Fig. 5. 



4. Photomicrograph of melanocarcinoma showing a wide range of nuclear variation and 
intra- and oxtraceilular melanin formation (X430), 

The tumor liad extended laterally for varj’ing distances into the subniucosa and nas 
found intliin lymphatic vessels. Examination of Ij'mph node sections showed their deep 
pigmentation to be due to large quantities of melanin pigment within the reticuloendothelial 
cells and monocytic niacrophagos. One small fociui of metastatic melanocarcinoma was 
identified. Stains for iron were negative, and the pigment was found to turn black in silver 
preparations. Tlic final pathologic diagnosis was: melanocarcinoma of the oo'^phagus with 
adjacent junctional epithelial change and metastases to regional lymph nodes. 

The immediate postoperative course was unremaTkable except for an episode of luirieular 
fibrillation that responded well to digitoxin. ‘ . 
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Over the past fourteen months s}ie lias been seen periodically in the Outpatient Clinic. 
AnoreMa, dysphagia, and n eight loss have persisted, although tno barium swallons have 
outlined a patent but slightly constiicted operative site. Esophagoscopy has failed to 
demonstiate local recurrence. X-iay examinations of the chest and skeletal system have been 
negative for evidence of metastases. 



E_PhntnmirroETanh of junctional change adjacent to melanocarcmoma The cells 

of the basil laye?sTf Wm mhcosa iiaje lost their polarity, become detached, and contain large 
quantities of melanin pigment (X430). 


CLINICiVI. FINDINGS 

A summary of the clinical data from the 17 reported cases is given in 
Table I. The patients’ ages ranged from 40 to 71 years ndth an average of 
60 yeais. The sex distribution was 11 males and 6 females with a ratio of 1.8 
to 1 All of the patients were white except Sirsat’s, who was a native of India, 
and the one described here, who was a Negro woman. The duration of symptoms 
extended from 5 to 52 weeks with an average of 21.1 weeks. We have omitted 
tvom these last computations Joliat’s^ and Kobertson’s^^ cases. In Joliat’s re¬ 
port the symptoms were deserihed as being present for ten years, which seems 
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justifiabh open to question Tlie icpoitcd dniation in Kobeitson’s case iias 
one and one Iialf jcais, but the clinical pittuic Mas somewhat alteied bi an 
associated adenocarcinoma of the colon and icctiim 

The clinical picture Mas tjpical of a piogicssiich obstiueting lesion of the 
esophagus An analjsis of the snnptomatologv is giicn beloM 

Disphagia Mas the most fiequcnt complaint and lesiiltcd from the obstiiie 
tion This Mas ahiajs paitial It Mas associated Mith a sense of discomfoit 
that included fullness of the epigastiium, substcinal prossuie, piecoidial biiin 
ing, MCiglit in the "pit of the stomach,” and postpiandial bloating Pam caused 
bj the act of SMalloMing and hi the passage of food Mas not uncommon It 
was most fioqiienth located behind the stciiiiim and occasionallj' ladiated 
tbiough to the back 

IiVciglit loss Mas present in cvcij case It langcd fiom 3 to 45 pounds and 
Mas diiceth piopoitional to the duiation of simptoms Weakness comnionh 
accompanied MCiglit loss and became quite marked as clinical detciioiation lo 
fleeted the piogressiio giOMth of the tiimoi Exeessno sialoirbea Mas an intei 
csting and frequent complaint, and it Mas not alnajs associated Mith the in 
take of food 01 drink 

A socoiidan gioup of complaints consisted of cough, boaisencss, and oithop 
nca As Mill be seen under the dcsciiptioiis of the gioss and micioscopie patliol 
og}, these cannot rcadih be explained 

PInsical signs of the disease mcic coiispicuouslj absent One patient pie 
sented a palpable left subelaMan hmpli node that subsequonth pioied to bo 
metastatic melanoma ’ In 2 otbcis, incleiia Mas the onh significant sign 

Ijaboiatoix findings mcic equalh infrequent Routine peiipheial blood 
studies, uiinaljsis, and blood chemistiies mcic Mithiii noimal limits Occult 
blood Mas piesent in the stools of 2 patients 

In eieiy case, tlie geiieial nafuic of the lesion iias suspected fiom the his 
torv Roentgenologic examinations, using baiiiiin as the contiast medium, Mcie 
earned out m 13 patients A filling defect Mas found in 11, and in 2 patients 
the lesion Mas completch oveilooked In one instance, the defect Mas found 
onlj aftci the thud upper gastiointestiiial sciies, and in anothei it Mas iiitei 
picted as a benign tumor 

A specific diagnosis was made bx tissue examination in all instances Tins 
Mas obtained by esophagoscopy and biopsj in 11 cases, following opeiation in 
2 cases, and onlj at nccropsj in 4 cases 

The thciapy mbs symptomatic in 6 patients, ladiation to the metastases in 
1, and by suigical resection in 10 In Sirsat’s case,*'* the patient signed himself 
out of the hospital and died at home turn jeais later Mithout fiiitbei knoMii 
tieatment 

The reported oxer all sumval time xaned fiom 3 days to 2 veal’s xuth an 
axeiage of 6 98 months The gixcn suixixal time foi those patients xihose 
lesions XIere lemoxed surgically ranged fiom 3 daxs to 15 months xxitli an axeiage 
of 7 4 months At the time the icspcctixe lepoits xxeic made, hoxvexei, 1 patient 
on symptomatic theiapy xvas still alixe 1 year aftei the diagnosis xxas made 



Table I. Summary op CuNiCAii Data of the Seventeen Reported Cases of MEOANOCiUiciNOMA of the Esophaous 


40 


LORHSTG AND ZEPPA 


J. Thoracic Surj,’. 
July, 1956 



(lie imd lower report 





42 LOSING AND ZEPPA J. Thoracic Sur^. 

July, 1956 

Four patients in wliom resection was performed wei’e still alive 6 weeks, 4 
months, 1 year, and 14 months postoperatively. Three were symptom free. 
One of these patients was lost to follow-up. 

The 1 patient who received radiation died within 30 days. The lesion had 
spread widely, and the therapy was ineffectual. 

Seven of the 17 patients came to autopsy. In 4 of these, the true nature 
of the lesion was discovered only at that time. 

Gross Findings .—The neopla.sm was located in tlie lower third of the 
esophagus in 9 cases, at the junction of the middle and lower third in 5 ca.se.s, 
in the upper third in 2 eases, and in the middle third in L It mo.st frequently 
presented as a polypoid tumor ma.ss hut, in one instance, had extended about 
two thirds of the distance around the circumference of the esoi^hagus, and in 
3 had completely encircled the lumen. Voss’s report^ described a bilobed, 
elongated mass that reached into the lumen of the stomach. 

The typical lesion was a lobulated, pedunculated, firm, friable, black, rounded 
tumor mass with measurements that varied from 3 by 2 by 1 cm. to 7 by 6.8 by 
2.5 cm. The pedicle averaged about 1 cm. in diameter and 2 cm. in length. 
The rounded surface of the neoplasm was generally smooth but was commonly 
the seat of small, shallow areas of ulceration that bled easily on contact with 
the esophagoscope. Smaller, pigmented, firm, and raised “daughter” metastascs 
were common in the mucosa immediately surrounding the main tumor. In 
those instances where the main mass was large, the proximal esophagas was 
dilated. 

The cut surface was usually found to be brown or gray-black in color witli 
visible gray septa subdividing it. Central necrosis or hemorrhage was not com¬ 
mon. As the tumor was usually separated from the esophageal Avail by the length 
of the pedicle, gross evidence of inA'asion of the esophageal Avail was irsually not 
found. The one exception to this AA^as the case of Puyo and Portmann,® Avherc 
the melanoearcinoma had invaded the esophageal AA'all and had extended as a 
Avoody hard mass from the cardia of the stomach to a level just aboA'C the aortic 
arch. 

Microscopic Findings. — Cellularity AA'-as marked. In only one lesion A\^as a 
desmoplastic reaction described. In sections from four specimens, the tumor 
seemed to deriA^e its blood supply through small vessels contained Avithin the 
diA'iding fibrous septa. 

Pleomorphism aaas the most striking cellular characteristic. The cells Avere 
described as being polygonal, large and elongated, round Avith long nuclei, and 
“sarcoma-like.” The cytoplasm Asms basophilic, eosinophilic, or amphophilic. 
Fine ejToplasmic granules Avere occasionally present. In the more malignant 
lesions, little or no cytoplasm Avas Ausible. 

Mitotic figures AA^ere present in all eases and very numerous in 3. In tAvo 
specimens, meganucleosis aaas striking. Anisonucleosis and poikilonucleosis Avere 
found generally. Nuclear hyperchromatism and chromatin clumping Averc 
commoirfindings. The cells Avere arranged in cords, dusters, fascicles, or alveolar 

patterns. 
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lion fice intiacollulai pignient ivas found in 15 of the 10 caws It iias 
desciihcd in maciophages in 7 eases and lung fiee in the intcicellulai spaces 
in 4 cases All autliois concluded that this substance iias niclanin bj the use 
of one 01 nioie ot the follouiiig means (1) the chaiacteiistie appeaianee and 
location in the heinatosjlm and eosm stained sections, (2) the negative leaotion 
with special stains foi non, (3) the final black coloi of the giaiuilcs aitei stain 
iiig with Biclschovvskj’s sihei nitiate method, and (4) the slow blackening 
effect ot lodiogcn peioxide 

In 0 of the 17 cases, the melanoeaicinoina had invaded the suhimieosa and 
extended iindei the epithelium In 4 eases, it was speeificallj stated that the 
muscle was invaded, and in 4 cases no invasion was found Lvinphatic and blood 
vessel penetiation was not uneoimnoii In two specimens, howevei, multiple 
sections tailed to show vessels violated by malignant cells 

Junctional changes vveie found in 6 cases inehiding the 1 lepoited lieio 
These weie usuall 3 ' found in the noiieiodcd poifions of the mucosa adjacent to 
tlie tuiiioi Then histologj langed fiom lij pci pigmentation and a gieat in 
eicase in the numbei of cloai cells of the basal laser, lesombling that seen in 
lentigo ot the skin, to a stage identical with a fulls developed junctional nevus 
Usuallj the geimiiial lajoi and deepei poition of the stratified stiuamous laj'Oi 
conlaiiied daiklj pigmented cells Iviiig loosclv in vacuolated areas Nuelooli 
vveie piomincnt and the nuclei vvcie liMieichiomatie Mitotic figiiics vveie not 
Stllklllg 

Sites of Metastases —A detailed examination of the lesion and suiioundmg 
stiuctuies was made in 14 ot the 17 cases cithei aftei suigical lesoction or at 
autopst Of these, melanocaicinoma was found in the legional Ijnipli nodes in 
11 

The available iiifoimation on woic distant spiead was obtained horn those 
7 patients who came to postmoitciii examination The lungs weio most fie 
queiitlj involved, and melanocaicinomatons nodules of vaijing si/e vveie found 
in live instaiiecs The livei and pancreas were the next most ficquont sites, each 
being the scat of metastatic tumoi in thiee instances The gasti ointestinal tiact, 
biain, lumbal spine, pleuia, peiitonoum, lesser curs atm e ot the stomach, letio 
peiitoiieal tissue, and left supraclaviculai Ijinph nodes vveie involved in one 
instaiiee each 

DISCUSSION 

Primaiy melanocaicinoma aiising in the esophagus is an uiieommon and 
unusual lesion The diagnosis in each of these 17 eases was made by tissue 
examination and is unequivocal In cverj instance, a special effort was made 
to lule out a piimaiy site elscvvhcie, and none was found Seveial authois“ 
have laid gieat stiess on finding associated junctional epithelial changes as jiioof 
positive of autochthony, and in at least 6 of these 17 cases this tiansfoimation 
was present 

^Ye, hovvevei, do not believe that this lequiiement is justified and agree 
with Kobeitson’s observation'* that the expanding neoplasm may well have 
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destToycd .'uiy junctional change in those ]] speeiinen.s where it was not lound. 
Further support is gained when one considci's the rare occasion in wliieh tlie 
esophagus is the scat oC a metastatic tumor. 

A consideration of possible contributory etiological facloj-s and some of tlic 
characteristic gross findings may be made together because of their intimate 
relationship. Two of the 17 cases had a definite history of trauma. Puyo and 
Portmann’s patient,“ two years prior to the development of the malignancy, 
accidentally swallowed petrol with a resull.ing severe esophagitis. fJarfinklc and 
CahaiPs patient’” experienced a near-fatal esophagitis and iriediastinitis six 
years previously, following the lodgment of a chicken bone. It is difficult to 
believe, however, that these two incidents played a significant I'olc in the induc¬ 
tion of the sub.scfiuent malignant le.sion. 

Since by the natm-e of this .study we can only .s-urmi.se the mechanisms in¬ 
volved, one of the more interesting po.ssibilitics is found in the examination of 
the phy.siology of the esophagus Use)!', ft has been clearly .shown” that, cluriiig 
the third .stage of the deglutition, the bolus of food is can-ied fpiiekly (5 or fi 
seconds in man) through the esophagus to the stomach by })rimary and .secondary 
peristaltic waves. The pa.ssagc thi-ough the upper tliird is much more accelerated 
than through the middle and lower thirds because of the capacity of the sti’iated 
muscle in its wall for raj)id contract ability. It is also generally accejjted that 
chronic in-itation may ])lay a fundamental role in the i)alhogcne.si.s of melano- 
carcinomas elsewhere. 

It would then not be uni-easonable t.o a.ssumc that the mucosa of the lower 
and middle thirds of the c.sophagus is subject to a certain amount of chronic 
irritation by the rapid propulsion of food through them, o.sj)ccially if the food 
is hot, spicy, or poorly masticated. 

Some support of this observation is derived from the finding of fifteen of 
the seventeen lesions in lower and middle thirds of the e.sophagu.s. This reason¬ 
ing may also be pertinent in epidermoid carcinoma of the esophagus. 

Also of interest is the observed fuel that thii-tecn of the .seventeen tumors 
were clearly polypoid in nature. The IVefiucnt downward push of the peristaltic 
waves and of the esophageal .stream offers a good explanation for this chai’ac- 


teri.stic gro.ss finding. The polypoid nature of this highly malignant neoplasm 
may in turn explain the limited invasion of the underlying o.sophageal rvall and 
the com])leto absence of perforation as a complication. 

'I’he obvious cpicstion as to why few people devcloj) melanocarcinoma in the 


presence of such common circumstances remains unanswered and must refer 
back to the more fundamental nature of the lesion. 

If we then review the .salient historical, pliy.sical, and laboj-atmy findings in 
an attempt to assemble those features that might aid in tlie future diagnosis of 
this condition, the results arc ol limited value. 

Tlie history was always one of a slowly expanding and gi-adually obstructing 
mass. Except'for finding gims or occult blood in the stool, routine laboratory 
examinations were unrewarding. Although it was not always appreciated, 
radiologic examination often indicated the nature of the le.sion. It was usually 
easv to outline, and its lobulated, polypoid contoui- tended to differcnlialc it 
from the large majority of epidermoid carcinomas. (Jn the ba.sis of this tech- 
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iiKnie, liowc\cr, one conld not lulc ont a papilloma ol the epithelium, a fibroma, 
poljp, 01 mjxonia of the connectnc tissue, oi a leiomyoma oi ilialxlomjoma ot 
the muscle coat Usmg eontiast media, the lesulting filling defect in anj ol 
these conditions might be i ei-j similar m appeaianee The value of this examina 
tion IS lessoned sonieivhat fuithei bj the fact that these lattei lesions aie almost 
as rare as melanocaiciiioma 

It was found then that, althoiigli the tiue natuie of the lesion can be 
suspected, a definitiie clinical diagnosis can be made onlj b> esophagoscopi, 
biopsi, and histologic examination 

Piom the infoimation gucii picMouslj it is quite eleai that, if patients with 
this disease are not tieated suigicallj, the piognosis is uiiiieisallj bad Simp 
tomatie and ladiation tliciapi aie of little value In those patients in vihieli 
the lesion was siiecessfullj lesceted, the postopciativc follow up was not siif 
ficientl 3 long to evaluate cleailv tins means of attack The data indicate, 
howovei, that as is tlie case in anv malignant tiimoi, it theiapy is iindeitaken 
suffieientlv cailj, csptcialh befoic the tumoi has distanth metastasired, the 
losults maj be lelativciv satisfactoij 

. SUMMARV 

Seventeen cases ot melanoeaictiioma of the esophagus (16 fiom tho vvoild 
liteiatuie and 1 repotted lioie) vvcie studied in an attempt to consolidate all 
ot the available clinical, diagnostic, pathologic, and piogiiostio data into a 
composite toim Possible contnlnitoiv etiological factois were discussed 
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TRANSCAEOTID AOETOGEAPHY 

Patrick Crawford, Sf.D., William Molnar, M.D., and K^vrl P. Klassen, M.D. 

Columbus, Ohio 

T he roentgenograpliie visualization of the cardiovascular system using con¬ 
trast media has proved of great value in the accurate diagnosis of various 
lesions of the heart and great vessels. Angiocardiography, with progressive 
visualization of all the chambers of the heart as well as the intrathoraeic great 
vessels, has been useful particularly in the demonstration of congenital cardio¬ 
vascular lesions of children. In adults, marked dilution of the injected con¬ 
trast media in the blood stream and heavj'- x-ray penetration required for proper 
visualization has proved angiocardiography to be of limited application. 
Regional injection of concentrated contrast substances, through a properly 
placed needle or catheter, directly into the aorta and chambers of the heart 
has been used with increasing frequency. Abnormalities of the aorta, abnormal 
shunts, as well as valvular deformities, can be demonstrated by tliis method. 

In 1929, Dos Santos and his associates^ first described a satisfactory tech¬ 
nique of translumbar abdominal aortography which is now a standard proce¬ 
dure of wide application. The first successful retrograde thoracic aortography 
was reported by Perez de Los Reyes and his co-workers in 1943.® A thin 
trocar was introduced into the left brachial artery and the radiopaque material 
was injected into the aorta against the arterial flow. 

In 1948, Radnor® described his technique of introducing a No. 7 to No. 9 
P. cardiac catheter into the ascending aorta through the right or left radial 
arterjL This method was developed further by Broden, Hanson, and Karnell.^ 
Fifty cubic centimeters of 70 per cent Diodrast was injected manually in 
approximately 7 seconds. They suggested that more rapid injection of the 
contrast media could be obtained by using a mechanical pressure injection 
technique. 

Burford and Carson,^ in 1948, reported on the results of aortography 
performed in children. They exposed the left carotid artery and under direct 
visualization inserted a No. 10 cannula into the left common carotid artery 
and rapidly injected 30 to 50 e.c. of 70 per cent Diodrast. Excellent visualiza¬ 
tion of the aorta and its branches was obtained. Stephens® reported using an 
18-gauge needle which was inserted into the exposed left common carotid artery 
with injection of 25 c.c. of 35 per cent Diodrast. 

Because of difficulties encountered in using the radial artery for introduc¬ 
tion of the cardiac catheter into the ascending aorta, Jonsson" abandoned this 

„ , From The Division of Thoracic Surgery. Department of Surgery, and The Department of 
Kadiology, The Ohio State University Health Center, Columbus, Ohio. 

Received for publication Oct. 7, 1955. 
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method of aortography and introduced a specially devised, double lumen, blunt 
cannula which was introduced percutnncoiisly over a silver wire into the right 
common carotid artery and ascending aorta. Forty to 80 c.c. of a contrast 
solution could readily be injected into the aorta in 3 seconds. 

In 1950, Helmsworth, McGuire, and Fclson* utilized the brachial and ulnar 
collateral arteries as well as the femoral to introduce a pol.veth.vlene catheter, 
50 to 70 cm. in length, into the ascending aorta. The inner diameter of the 
catheter was such that S to 30 c.c. of 70 per cent Diodrast could be injected 
through a 50 c.c. syringe manually in 0.7 to 1.8 seconds. Excellent visualiza¬ 
tion of the coronary vessels as well as the other branches of the aorta was 
obtained. Goodwin and co-workers'' used a No. 10 P. ureteral catheter for the 
same purpose. Pierce,'” in 1951, reported the use of a polyethylene tube 
threaded through a 17-gauge needle which in turn had been inserted into the 
femoral artery. Twenty to 25 c.c. of 70 per cent Diodrast was injected maniTally 
in 3 to 5 seconds. 

In 1952, 'Wiekbom" reported the results of aortography by direct puncture 
of the ascending aorta using a 13 cm. long, 1.8 mm. outside-diameter needle 
with manual injection of 30 to 40 c.c. of Diodrast. The time required was 3 
seconds. Mediastinal hematomas occurred in several patients. 

In 1954, Smith, IVilson, Gregg, and Klasscn’* reported a series of aortog¬ 
raphies performed by percutaneous left ventricular punetuhe using a ll-gauge, 
15 cm. needle. Twenty-flvo cubic centimeters of 70 per cent Diodrast was 
injected manually, requiring up to 3 seconds. Excellent contrast visualization 
of the aorta was obtained in some cases; however, the long time required for the 
injection prevented sufficient concentration of the contrast media to produce 
uniformly good aortograms. 

The various techniques of aortograpliy described in the literature were 
used in this Clinic with occasional excellent results but frequent failures. The 
difficulty of tliese methods is that it is impossible to inject a large enough 
amount of medium in the necessary second or less for good visualization of the 
aorta because of the small size and excessive length of the various needles and 
catheters. Difficulties are also encountered in the proper placement of the 
catheter and needle. Obliteration of the small arteries utilized for the inser¬ 
tion of the needles and catheters due to trauma and thrombosis is not infrequent. 

A technique of thoracic aortography to be universally useful should con- 
sistentlj' visualize the aorta from its origin to the diaphragm. The method 
should be safe, simple to perform, and require only surgical instruments and 
radiographic facilities standard in general hospitals. Rapid injection of con¬ 
trast media into the ascending aorta just above the aortic valve by means of 
a large, short catheter inserted through the exposed right common carotid 
artery appeared to us to be the ideal method of aoifography. Intimal damage 
to the aorta and carotid artery due to the presence of the catheter or contrast 
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media would be negligible because of the large size of these vessels and the 
rapid flow of blood in this region. Coronaiy and cerebral arteiy filling, hov^- 
ever, should be considered possible hazardous sequelae. 

Highly concentrated solutions of contrast media used for angiocardiography 
at the present time may produce severe damage to tissues by acute anoxia, 
immediate or late toxicity, or direct chemical action. In patients without 
anoxemia or hypotension, brief coronary artery filling with contrast media 
appears to be well tolerated; however, cerebral vessel filling may produce 



transient or irreversible damage. Cerebral vessel filling can be kept to a mini¬ 
mum by occlusion of both common carotid arteries at the time of actual contrast 

injection. 

METHOD 

The catheter’^ developed for aortography is a calibrated, radiopaque, 14 P., 
35 cm. long, woven-silk catheter with a tapered lip and a Luer-Lok syringe at 
the proximal end (Fig. 1). 

The right common carotid artery is exposed through a 2-inch incision in 
the skin crease at the median border of the sternocleidomastoid muscle after 

^lanufactured by C. K. Bard. Inc.. Summit, N. J. 
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local injection of 1 per cent procaine solution. Following e.xposure of the 
common carotid arteiy, two cigarette-size Pciiro.se drains are passed around the 
artery alloiving it to be brought into the held. Traction on the rubber drains 
placed at each end of the exposed artery effectively occludes this vessel and a 
3 mm. longitudinal incision in the wall of the arterj’ will allow passage of the 
tip of the catheter into the innominate artery and ascending aorta. With 
insertion of the catheter to the 12 to 10 cm. mark, the tip will be found on 
fluoroscopy to be located 2 to 3 cm. above the aortic valve (Fig. 2). 



Using a 50 c.c. Toomey sjTinge, 40 c.c. of 70 per cent Diodrast is injected 
manually into the aorta with the left common carotid artery occluded by finger 
pressure (Pig. 2). AVlien the plunger is within 10 cm. of emptying the syringe, 
x-ray exposures are made cither by manual change of the cassettes, or prefer¬ 
ably, using a Fairchild film changer. On completion of the aortography the 
catheter is withdrawn and the incision in the carotid artery closed with a 
continuous suture using 5-0 silk on an Atraumatic needle. AVith release of 
tension in the Penrose drain, flow through the carotid artery resumes. The 
skin incision is closed with silk. 

Trventy aortograms have been perfomed using the method just described 
with good results (Pigs. 3 through 7). A small hematoma developed in 1 
patient due to bleeding from a small cervical vein which had not been ligated 
properly during exposure. In 1 patient, no visualization was obtained due to 
mechanical failure. 
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Fig 7 —Right subclavian artery occlusion. 


SUMMARY 

A method of transcarotid thoracic aortograpliy utilizing a catheter placed 
into the ascending aorta has been described. Aortography by this method using 
70 per cent Diodrast has given excellent visualization of the entire thoracic 
aorta. 
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THE PHYSIOLOGIC EFFECTS OP FIBROTHOEAX AND THE 
FUNCTIONAL RESULTS OP SURGICAL TREATMENT 

Arthur A Siebens, MD,* Clifford P Stored, Captvin (MC) USN,** 
3L L\TN M New jiM D ,*•* Donald C Kent, Lieutenant Commakder 
(MC) USN,**** AND John E Stindvrd, MD ***** 

IViTH THE Technic VL Assistance of Bfttv L Vestal 
St Aldins, N Y 

introduction 

P LEURAL deeoitieation is an cstabhslied method foi lestoung the apposition 
of tlie pleural suifaecs, thus obliteiating an abiioimal plenial space In 
addition to meeting this therapeutic objcctne, the opciation fiequeiitly lesults 
in significant impiovemcnt in the icspiratoij status of the patient A nunibei 
of studies have appeared in which the ptoccduie is evaluated fiom a functional 
point of view ’ ‘ A concise review of these mav be found in the intioduotoij 
paiagiaphs of the publication bj Patton and his associates® 

This lepoit eoneeiiis an additional studv of the phvsiologie effects of 
pleiiial abnoinialities and then siiigical tieatmeiit Pew patients vntli lungs 
impiisoned bv tubcieulous oi nontubcrculoiis plciiial peels have been evaluated 
compielieiisiveh Some of the most complete studies have siiffeiod fiom a lack 
of pie to postopeiativo compaiisons' ^ and in others the data aie limited to 
ventilation, vital capacity, and owgcn iiptakc' ® Among the papeis leteiied to, 
onlj 4 patients aie cited' “ in whom pic and postopeiative tests include total 
lung capacities, bionchospiiometrj, and gas aiialjsis of aiteiial blood 

The data iccoided from the present 11 patients peitain to pie and post 
opeiative unilateral and bilateral ventilation and total lung capacities as well 
as to cliaiaeteiistics of gas e\chaiige The measuiemenfs of the ma\imum 
diffusing capacitv and the determinations of the uiiilateial lesidual volume have 
not, to oui knowledge, been reported pieviouslv in such patients 

From the Cardfopulmonary Function Liboratory United States N’a\al Hospital St 
Albans N 1 
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MATERIAL 

Eleven iiatients for ivJiom decortication was the major tlioracic surgical 
procedure were studied in the Cardiopnlmonaiy Function Laboratory of the 
United States Naval Hospital, St. Albans, New York. A bacteriologic diagnosis 
of tuberculosis was established in 5 of these and in an additional patient (No. 9) 
the diagnosis of tuberculosis was made on histologic grounds without bacteriologic 
verification (Table I). In the other 5 patients, the constricting peel was con¬ 
sidered to be nontuberculons in origin. A summary of other pertinent clinical 
data is included in Table I. Ten of tlie 11 patients were men; only 1 of these 
exceeded 35 years of age. Tliere Avere nine Caucasians and tAvo Negroes. 

The involvement AA'as unilateral in all patients. The right chest Avas the 
site of the pathology in 5 patients and the left side in 6. The duration of the 
disorder prior to operation ranged from tAvo months in Patient 4 to thirteen 
years in Patient 6. In all but 2 patients the abnormality had been recognized 
less than one year prior to surgery. Tlie period of convalescence before the post¬ 
operative study Avas three months or less in all but tliree instances, klost of 
the patients, therefore, Avere young men Avith a unilateral pleural membrane 
uncomplicated bA- parenchymal inA'olvement in Avliom the postoperatiA'e studj^ 
Avas carried out relatively early after decortication. 

Four patients Avere selected in order to illustrate (a) physiologic improA^e- 
ment folloAAdng decortication for nontuberculons empyema (Patient 2, Figs. 
lA and IB) and tuberculous empyema (Patient 11, Figs. 2yi and 2B); (b) 
functional changes folloAving decortication performed for long-standing paren- 
chjTual disease treated AAuth pneumothorax (Patient 8, Figs. 3A and 3B) ; and 
(e) unfaA'orable results of operation in a patient Avith only moderate preopei-atNe 
impairment due to a chronic ‘‘'nontuberculons” pleural membrane (Patient 3, 
Figs. 4:A and 4B). 

Clinical data pertaining to these 4 illustratiAm cases folloAv in summaiy 
form. 

CASE BEPORT.S 

Patient 2, a 20-year-olcl wliite man. developed fever and extreme chest pain in April, 
1952. Plivsical examination and roentgenograms revealed tlie presence of a left-sided pleural 
effusion. Under chemotherapy lie became asymptomatic and afebrile but the roentgenographic 
signs of the effusion persisted. In July, a thoracentesis yielded 900 c.c. of fluid which on 
smear and culture was negative for acid-fast bacilli and other pathogenic organisms. 

A left thoracotomy was performed in August, 1952. A chronic empyema was found 
with the lung entrapped by a thick peel. Decortication was done following which the lung 
re-expanded well. The postoperative couise was uneventful. 

Patient 11, a 23-year-old ICegro man. was well until April, 1953, when he developed 
pain in the left chest on deep inspiration. Physical examination and a roentgenogram of 
the chest showed a left pleural effusion. Fluid aspirated was positive for acid-fast bacilli 
on culture. He was treated ndtli bed rest, repeated thoracenteses, streptomycin and para- 
aniinosalicvlic acid. In October, 1953, decortication nas performed. Two weeks after the 
operation, the seventh intercostal space was explored, an extrapleural abscess cavity was 
found and the involved cartilage and rib were resected. The postoperative course was 
uneventful. 

Patient S, a 41-year-old white man, was first found to have pulmonary tuberculosis in 
1944 with involvement of the right lung. He was treated with right phrenic crush and nine 
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Fig lA—-Chest roentgenograms of Patient No 2 tahcn before (leff) and after (right) 
decortication of the left lung for a nontiiberculous enip>cma Corresponding functional data 
are presented In Fig Ifi 
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VENTILATION AND LUNG VOLUMES 
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bars) and postoperatl\e (solid bars) function data of 
xinium breathing capacity (MHC) and unilateral partieJ 
increased aital capacity (VC) and total lung capacity 
ribution of the left lung to oxygen consumption (O Con i 
Is atypical (see Figs 2B and 3i?) 




Fig. 3.4.—Chest roentgenograms of Patient S taken befoie (left) and after (right) de¬ 
cortication of tlie riglit lung. Tliere had been pneumothorax Intermittentlv for nine vears 
and peisistent tuberculous pleural effusion for seven years. Corresponding functional'data 
are presented in Fig. SB. 
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Fig. SB. —Pre- and postoperati\ e unilateral function data of Patient S. Three-dimen¬ 
sional ligures indicate the subdivisions of the total tolume of each lung. A tracing of the 
spirogram identifles the \oliime of the lung at the end-expiratory position (Functional Resi¬ 
dual Capacity or F.R.C ). after maximal inspiration (Total Lung Capacitv), and following'a 
maximal expiration (Residual Volume or R.V.). These volumes are labeled in Fig iB 
Xote the increase in all \olumetiic compartments of the riglit lung in consequence of decorti¬ 
cation and re-expansion. BronohospirometiT indicates an augmented contribution of this 
lung to vital capacity (V.C.). \entiIation (Vent ). and oxygen uptake (O- Con.) despite the 
prolonged duration of light pleural disease. 












Fie 4^-—Prc- and postoperative chest roontcenoerams of Patient 3 A sterile pleuial 
etfusion had perslste<l on the left for seven and one-half months The postoperative film was 
made three weeks after decoitlcation, coincidental^ with the postoperative studios repre¬ 
sented In FIff m. 
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MAXIMUM DIFFUSING CAPACITY 

Pig:. 4F—Pre- and postoperative function data of Patient 3 The interpretation of the 
volumetric figures corresponds to that for Fie 3B At the time of the postoperative study, 
the volumetric compartments of the left lung were virtually identical with those measured 
preoperatUely Bronchospirometry Indicates the moderate preoperative deficit, the improved 
contribution of the left lung to ventilation, and the further Impairment In oxjpen consumption 
The latter was associated with a fall In the maximum diffusing . V.C.. vCapac- 

itj , It V, Residual Volume; PRC, Functional Residual Capacity. "v 
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If, in patients with normal alveolar-capillary membranes and normal alveolar oxygen partial 
pressures, one assumes that peripheral blood is a mixture of two streams, one being mixed 
venous blood and the other arterial blood in equilibrium with alveolar air, the venous 
admixture figure indicates the fraction of mixed venous blood which, if added to the equilibrated 
arterial blood, would account for the peripheral arterial saturation actually measured. 
Patients in whom variations in ventilation-perfusion relationships in different parts of the 
lungs are abnormally great have dead space ventilations exceeding 30 per cent of the tidal 
volume and venous admixture components above 6 per cent. 

The diffusing capacity is the amount of oxygen passing across the alveolar-capillary 
membrane per unit of pressure difference between tlie two sides of this membrane. It is 
obtained by measuring the oxygen consumption and deriving the effective partial pressure 
(tension) of oxygen in alveoli and in pulmonarj’ capillaries. Tlie alveolar value is calculated 
by solving the alveolar equation.lo The capillary tension is found by measuring the partial 
pressure of oxygen in arterial blood (Pao,) "'hen it closely approximates that in the 
pulmonary capillaries. Circumstances under which this is true are created by reducing the 
ox 3 "genation of the patient’s peripheral arterial blood; this is usually accomplished by a 
combination of exercise and breathing a gas mixture abnorniallj' low in its content of oxj’gen. 
Prom the alveolar and capillary oxj^gen partial pressures and from an assumed figure for 
the saturation of mixed venous blood, it is possible to derive a mean value for the oxygen 
tension gradients existing along the course of the pulmonary capillarj'. The diffusing 
capacity is the oxygen consumption divided by this mean gradient. The maximum diffusing 
capacity for a given individual is reached when oxygen consumption is increased to approxi¬ 
mately 1,200 c.c. per minute .12 Under these circumstances, and when the permeability of 
the alveolar-capillary membrane is not altered by disease, tlie diffusing capacity is a function 
of the maximal dimensions of the alveolar-capillary bed.is The maximum diffusing capacities 
in nine young men, with minimal or no pulmonary pathology, studied in this laboratory 
ranged from 68 to 86 with a mean of 76.i3 

Blood gas tension analyses were done by the bubble-equilibration technique^ and the 
composition of expired gases was determined with the Scholander apparatus.is Blood gas 
contents and the concentrations of nitrogen in samples of air were measured by the Van 
Slyke manometric technique. 

Lung volumes were corrected to body temperature, ambient pressure, saturated with water 
vapor (BTPS). The nomenclature used in referring to functional data is that suggested 
for workers in the field.is 

The following abbreviations appear in Tables II and IV: 

Ventilation, Bil., L./m./M= B.S.A.—Bilateral ventilation in liters per minute 
per square meter of body surface area, BTPS 

Ventilation, Bt. %, Lt. %—Contribution of each lung to total ventilation in 
per cent 

M.B.C., L./m.—Maximum breathing capacity in liters per minute, BTPS 
M.B.C., % of Pred.—The maximum breathing capacity as per cent of the 
predicted value 

V.C.—Vital capacity 

E. V.—Besidual volume 
T.L.C.—Total lung capacity 

E —Functional residual capacitj' 

B.V./T.L.C.—^Eatio of the residual volume to the total lung capacity in per cent 

F. B.C./T.L.C.—Batio of the functional residual capacitj' to the total lung capacity 
in per cent 

klixing Index, Vols. % N,—Mixing index in volumes per cent nitrogen 
gp_ 47 —Barometric pressure minus correction for water vapor tension of air 
saturated at body temperature, in millimeters of mercury 
Fj —Concentration of oxygen in inspired air 

Pj, —Concentration of carbon dioxide in expired air in per cent 
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■\—lotil ^cntjhtion in liters per minute, BTPS 
f—Respiritor^ frec^uenc^ (breaths per imnute) 

R—The gns e\cli'ingc ritio or rc*«pirator\ quotiint, 1 1 , cirboii clioxult output 
dunkd b> tlic owgcn eori'iuniption 

—^Partial pressure of carbon dioude in arterial blood in millimeters of 

merciirx 

Cjco—Cubic ccntimctors of cirbon dioxide tontaintd in 100 cubic centimeters 
of arterial blood 

P\p—^Parti il jirc&surc of o\>gen m alicolir air in niillunoters of men ur\ 

—Partial prts«ure of oxjgen m arterial blood in millimetirs of morcun 
Sflf,—Oxyhemoglobin '■aturation of arterial blood in pi r cent 
Ao—Oxjgcn coii’?umption in cubic cintimetors per minuti, STPD (stiiiaird 
temperature and pressure, dr\) 

«, Total cc—Plijsrologic d< id spi c \olume in cubic ccntinictLr's, correctid 
for apparatus dc id space 

M**, cc—Physiologic dead space yoluinc in cubu centimeter** per «qu irc 
meter of hod} surface area 

(A'■T/^’■T) X 100—Ratio of dead ‘spate to tidal yolumi in per cent 

(Q a/Q«) ^ 100—Ratio of (1 c \enouH admixture to cardiac output in per cent 

RI SLUTS 

Ventilation and Lung Volumes (Tallies 1 and II) 

Tilt et.iluation of the 11 patients with icspcct to \entilation and Jung 
\oIumes (Table II) is piesented below nndei three headings (1) the effect 
of a constiicting ploutal peel, (2) the eftett of opetation, and (3) the post 
opeiatiae status 

1 Effect of a Constnehng Plcuial Peel—Ventilation at lest was ahnoimal 
in onh 1 patient (No 2) Howesci, the contnhvition of tlic afteeted Ivtng to 
aentilation was abnoimalh low in all patients studied pieopeiatneh (below 
40 pel cent foi the light lung in patients with inaolvement on the light side 
and less than 30 pei cent for the left lung a\hcre this was the affected side) 
The inaxiinuin hicathing capacity was below 90 per cent of the piedioted value 
111 9 of the 11 patients and below 80 pci cent of piedicted in 7 Tins tost was 
theieforc a moie useful indc\ foi detecting abnoinialities in hilateial ventilation 
than was ventilation at lest 

Lunq lolume determinations indicated a icstiiction of the vital capacitv 
below 80 pel cent of the predicted value in 7 of tlie 11 patients, no elevation of 
the residml volume in excess of 140 pei tent of predicted, and a decrease of 
the total lung capacitv below SO pei cent of piedicted in 7 patients In onlv 
two instances was the latio of the icsidual volume to the total lung capacitv 
abnonnallv high (ovei 30 pei cent) The vital capacitv of the affected lung 
was giosslv ahnoimal (below 40 pci cent on the light oi 30 pei cent on tlie 
left) m each of the 9 patients with pieopeiative studios 
The mixing index was noimal in all patients 

Compaiison of the patients in the tubciculous and nontiibciciilous gioups 
indicated no striliny diffctenccs with icspect to peifoimance on these tests 
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If, in patients with normal alveolar-capillary membranes and normal alveolar oxygen partial 
pressures, one assumes that peripheral blood is a mixture of two streams, one being mixed 
venous blood and the other arterial blood in equilibrium with alveolar air, the venous 
admixture figure indicates the fraction of mixed venous blood which, if added to the equilibrated 
arterial blood, would account for tlie peripheral arterial saturation actually measured. 
Patients in whom variations in ventilation-perfusion relationships in different parts of the 
lungs are abnormally great have dead space ventilations exceeding 30 per cent of the tidal 
volume and venous admixture components above 6 per cent. 

The diffusing capacity is the amount of oxygen passing across the alveolar-capillary 
membrane per unit of pressure difference between the two sides of this membrane. It is 
obtained by measuring the oxygen consumption and deriving the effective partial pressure 
(tension) of oxygen in alveoli and in pulmonary capillaries. The alveolar value is calculated 
by solving the alveolar equation.io xhe capillary tension is found by measuring the partial 
pressure of oxygen in arterial blood (Paoj) "'hen it closely approximates tliat in the 
pulmonary capillaries. Circumstances under which this is true are created by reducing the 
oxygenation of the patient’s peripheral arterial blood; this is usually accomplished by a 
combination of exercise and breathing a gas mixture abnormally low in its content of oxygen. 
From the alveolar and capillary oxj-gen partial pressures and from an assumed figure for 
the saturation of mixed venous blood, it is possible to derive a mean value for the oxygen 
tension gradients existing along the course of the pulmonarj' capillarj'. The diffusing 
capacity is the oxygen consumption divided by this mean gradient. The maximum diffusing 
capacity for a given individual is reached when oxygen consumption is increased to approxi¬ 
mately 1,200 c.c. per minute .12 Under these circumstances, and when the permeability of 
the alveolar-capillary membrane is not altered by disease, the diffusing capacity is a function 
of the maximal dimensions of the alveolar-capillary bed.i3 The maximum diffusing capacities 
in nine young men, with minimal or no pulmonary pathology, studied in this laboratory 
ranged from 68 to 86 with a mean of 76.i3 

Blood gas tension analyses were done by the bubble-equilibration teclmiquei'* and the 
composition of expired gases was determined with the Scholander apparatus.is Blood gas 
contents and the concentrations of nitrogen in samples of air were measured by the Van 
Slyke manometric technique. 

Lung volumes were corrected to bod}' temperature, ambient pressure, saturated with water 
vapor (BTPS). The nomenclature used in referring to functional data is that suggested 
for workers in the field.i® 

The following abbreviations appear in Tables II and IV: 

Ventilation, Bil., L./m./M^ B.S.A.—Bilateral ventilation in liters per minute 
per square meter of body surface area, BTPS 

A’entilation, Et. %, Lt. %—Contribution of each lung to total ventilation in 
per cent 

M.B.C., L./m.—Maximum breatliing capacity in liters per minute, BTPS 
M.B.C., % of Pled.—The maximum breathing capacitj- as per cent of the 
predicted value 

V.C.—Vital capacity 

E. V.—Kesidual volume 
T.L.C.—Total lung capacity 

F. E.C.—Functional residual capacity 

E. V./T.L.C.—Eatio of the residual volume to the total lung capacity in per cent 

F. E.C./T.L.C.—Eatio of the functional residual capacity to the total lung capacity 
in per cent 

Mixing Index, Vols. % K.—Mixing index in volumes per cent nitrogen 
gp _47 —Barometric pressure minus correction for water vapor tension of air 
saturated at body temperature, in millimeters of mercury 
Fjp—Concentration of oxygen in inspired air 

—Concentration of carbon dioxide in expired air in per cent 
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\—Totiil \entihtion iii liters per minute, BI’I’S 

f—Respiriitorj frequency (breaths per minute) 

R—The g'ls exchniigc r'ltio or re<»piratorj quotient, 11 , carbon dioxiclt output 
dnidttl b) the o\>gcii consumption 

—^Partial pressure of carbon dioxide in arterial blood m millimeters of 

mtrcur\ 

Cflpo—Oubic centimeters of carbon dioxide cont lined m 100 cubic centimeters 
of nrtcnal blood 

P\q—P irtml pressure of o\\gen in aUeoIar air in millimeters of mcrcur^ 

Pg^j—Parti il pressure of o\>gen in irtcrml blood in millimeters of mercur\ 

—Oxyhemoglobin saturation of irtenal blood in per cent 

Vo—Oxjg‘n consumption lu cubic centimeters per minute, ‘sTPD (stanuud 
temperature and pressure, dry) 

1‘‘n Totil, tc—Physiologic dt id s-puc \oluiiic in euhie k iitinieters conected 
for apparatus dead apace 

V'di , cc—Phjsiologic dead space yolume m cubic centimeters per ‘•quire 
niettr of body «iirfacc aroi 

(V'^j/Vt) X 300—Ratio of dead space to tidal \olunu in per cent 

(Qru/Qt) ^ 100—Ratio of the \enoiis admixture to cardiac output in pci lent 

REbLITS 

Ventilation and Lung Vatnines (Tables J and II) 

Tim evaluation of the 11 patients with lespoot to ventilation and lung 
volumes (Table II) is piesented below iiiidci three bendings (1) the effect 
of a constiieting plciual peel, (2) the effect of opciation, niid (3) the post 
opeiative status 

1 Effect of a Constricting Plcnial Peel—Ventilation at test was abiioimal 
111 onlv 1 pitient (No 2) Hovvevci, the coiitiibutioii of the affected lung to 
ventilation was abnoiinalh low in all patients studied pieopcrativeh' (below 
40 pel cent foi the light lung in patients with involvement on the light side 
and less than 30 pei cent for the left lung where this was the affected side) 
The maximum hieathing capacity was below 90 per cent of the piedictcd value 
in 9 of the 11 patients and below 80 pei cent of piedicted in 7 This test was 
theiefoie a moie useful index foi detecting abnoinialities in hilatcial ventilation 
than was ventilation at lest 

Lung volume determinations indicated a icstiiction of the vital capautv 
below 80 pel cent of the piedieted value in 7 of the 11 patients, no elevation of 
the residual volume in excess of 140 pci cent of predicted, and a decrease of 
the total lung eapacitj below 80 pei cent of piedieted in 7 patients In onlv 
two instances was the ratio of the icsidual volume to the total lung eapaeitx 
abnomiallv high (ovei 30 pei cent) The vital capacitv ot the affected lung 
was grosslv abnotmal (below 40 pel cent on tlie right oi 30 per cent on the 
left) Ill each of the 9 patients with pieopeiative studies 
The mixing index was noimal in all patients 

Compaiison ot the patients in the tubciculoiis and nontiibeiculous groups 
indicated no striking differences with respect to peifoimanco on these tests 





TWLE II PrE- A.VD POSTOPEEATIVE UNILATERAL AND BILATERAL VENTILATION AND LUNO VOLUMES IN 11 PATIENTS TREATED BY PULMONARY 

Decorticatioji __ 
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*Seo text unOer "Metliotls” for explanations of abbreviations used. 
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Summary: Restrictions of ventilation existed on the side of the lesion 
in all patients with bronchospirometrie measurements. The total vital capacity 
was usually abnoimially low and the unilateral vital capacity, where measured, 
was invariably low. The residual volume Avas also commonly reduced; it infre- 
quentlj^ comprised a larger proportion of the total lung capacity than normal. No 
instance of impaired intrapulmonary mixing was found. No clear distinction 
could be made between patients on the basis of etiology. 

2. Effect of Operation.—Ventilation at rest was found to increase by 15 
per cent or more in 3 and decrease by 15 per cent or more in 5 patients, no 
significant cliange being noted in the other 3 patients. The contribution of 
the affected lung to ventilation increased by 8 per cent or more in each of 9 
patients Avith pre- to postoperative comparisons (mean increase 15 per cent, 
maximum 30 per cent, minimum 8 per cent). The maximum breathing capacity 
increased by more than 15 L. (maximum, 71 L.; minimum, 16) in 7 of the 11 
cases. In the other 4 the pre- to postoperative cliange Avas 6 L. or less. 

The vital capacity increased by 16 per cent" or more (maximum 51 per cent, 
minimum 16 per cent) in 6 patients. In the remaining 5, the change Avas 10 
per cent or less and Avas not considered significant. Tlie residual volume in¬ 
creased by 15 per cent or more (maximum 163 per cent, minimum 15 per cent) 
in 9 patients, fell by more than 15 per cent in 1 patient, and remained un¬ 
changed (10 per cent) in 1. The total lung capacity increased by 10 per cent 
or more (maximum 63 per cent, minimum 10 per cent) in 8 patients and Avas 
insignificantly changed (less than 10 per cent) in the other 3. The ratio of 
the residual volume to the total lung capacity Avas increased by more than 3 
per cent in 4 patients, fell by more than 3 per cent in 1, and Avas changed by 
less than 3 per cent in the remaining 6. Eight of 9 patients Avith pre- to post¬ 
operative unilateral vital capacity determinations shoAved an increase in the 
per cent contributed by the affected lung exceeding 8 per cent (mean 17 per cent, 
minimum 8 per cent, maximum 26 per cent); 1 patient shoAA^ed no change (No. 
3). The functional residual capacity increased by 10 per cent or more (maximum 
132 per cent, minimum 10 per cent) in 8 patients and shoAved a change of less 
than 10 per cent in the other 3. 

The mixing index increased to an abnormally high value (3.23 per cent) in 1 
patient; this index had been normal preoperatively. 

As preAuously noted, the ventilation at rest fell in 5 of the 11 patients; 
all of these had tuberculosis. With this single exception, no remarkable differ¬ 
ences in tests of bilateral function Avere noted betAveen the pre- to postoperative 
ehano'es in the tuberculous and nontuberculous groups. With respect to bron- 
chospirometry, hoAvever, inspection of Table II shoAvs that the greatest improve¬ 
ment of the affected lung Avas noted in patients in the tuberculosis group. It 
is likely that this is attributable to the fact that these patients shoAved the 
poorest preoperative function. 

Summary: Participation of the affected lung in ventilation at rest aaas 
increased by decortication. This Avas a more consistent finding than improved 

Percentages were computed by dividing the pre- to postoperative change by tlie pre¬ 
operative vaiue. 
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maximum breatliing capacity and oceuiTcd independently o£ the latter. The 
residual volume and the functional rc.sidual capacity usually increased, this 
change occurring more frc(|uently than improvement of the vital capacity. The 
proportion of the vital capacity contrihuted hy the affected lung u.sually rose 
significantlj'. "Witli one exception, intrapulmonary mixing was not adver.sely 
affected. Improvement of unilateral ventilation and volume was most con¬ 
spicuous in patients with the severest preoperative deficit. 

3. Postoperative Stains.—Ventilation at rest was normal (below 5.0 L./min- 
ute/square meter bod}' surface area) in 9 patients. Participation of the affected 
side, however, remained low in all patients except two (No. 4 and No. 6). In 9, 
the abnonuality was such that the right lung contrihuted less than 50 per cent 
when it was the site of disease and the left lung less than 40 per cent when the 
left side was affected. These values had been below these levels in 8 of the 9 
patients with preoperative studies. The marimum hreathing capacity was loss 
than 90 per cent of the predicted value in 5 of the 11 patients and loss than 
80 per cent in 3; it was over 90 per cent of predicted in 6. 

Laing volumes; The vital capacity remained below 80 per cent of the 
predicted value in 6 of the 11 patients and was 90 per cent or more of predicted 
in three instances. The total lung capacity was less fretpiently so low, values 
below 80 per cent of those predicted being found in 3 patients. The residual 
volume was usually normalj in only 2 patients was a figure exceeding 150 jicr 
cent of predicted recorded. The ratio of the residual volume to the total lung 
capacity exceeded 30 per cent in 6 patient.s. In 5 of these, this ratio had been 
nonnal preoperatively. The affected lung of 10 patients remained grossly 
abnormal with respect to its contribution to the vital capacity (less than 41 
per cent on the right in patients with right-sided involvement and less than 30 
per cent on the left when this was the affected side). No patient showed a 
normal distribution of the vital capacity postoperatively. 

All patients except 1 (No. 6) had a normal mixing index postoperatively. 

Summary; Abnormalities of ventilation and vital capacity were the rule 
rather than the exception in patients studied postoperatively. These were 
detected more frequently by unilateral measurements than by the bilateral 
teclmiques. The residual volume and the index of intrapulmonary mixing were 
usually normal; the vital capacity was usually low. Comparison of tuberculous 
and nontuberculous groups indicated no striking differences with respect to 
respiratory status. 

Shidics of the Unilateral Total Lung Capacity (Tahle III) 

Two patients (No. 3 and No. 8) had acceptable pro- and postoperative 
studies of the unilateral total lung capacity and a third (No. 9) had a satisfactory 
postoperative study only. Patient 8 (Fig. 3) showed a good postoperative 
result, that is, his vital capacity increased from 19 to 33 per cent on the side 
of the operation and the oxygen consumption from 13 to 24 per cent. Cor- 
re.spondingly, the functional residual capacity of the right lung increased 184 
per cent and the residual volume 166 per cent of the preoperative value. 
Twenty-six per cent of the functional residual capacity and 29 per cent of 
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Summary; Eestrictions of ventilation existed on the side of the lesion 
in all patients with bronehospirometric measurements. The total vital capacity 
was nsuallj^ abnormally low and the unilateral vital capacity, where measured, 
was invariably low. The residual volume was also commonly reduced; it infre¬ 
quently comprised a larger proportion of the total lung capacity than normal. No 
instance of impaired intrapulmonary mixing was found. No clear distinction 
could be made between patients on the basis of etiology. 

2. Effect of Operation.—Ventilation at rest was found to increase by 15 
per cent or more in 3 and decrease by 15 per cent or more in 5 patients, no 
significant change being noted in the other 3 patients. The contribution of 
the affected lung to ventilation increased by 8 per cent or more in each of 9 
patients with pre- to postoperative comparisons (mean increase 15 per cent, 
maximum 30 per cent, minimum 8 per cent). The maximum hreathing capacity 
increased bj'’ more than 15 L. (maximum, 71 L.; minimum, 16) in 7 of the 11 
cases. In the other 4 the pre- to postoperative change was 6 L. or less. 

The vital capacity increased b}"-16 per cent* or more (maximum 51 per cent, 
minimum 16 per cent) in 6 patients. In the remaining 5, the change was 10 
per cent or less and was not considered significant. The residual volume in¬ 
creased by 15 per cent or more (maximum 163 per cent, minimum 15 per cent) 
in 9 patients, fell by more than 15 per cent in 1 patient, and remained un¬ 
changed (10 per cent) in 1. The total lung capacity increased by 10 per cent 
or more (maximum 63 per cent, minimum 10 per cent) in 8 patients and was 
insignificantly changed (less than 10 per cent) in the other 3. The ratio of 
the residual volume to the total lung capacity was increased by more than 3 
per cent in 4 patients, fell by more than 3 per cent in 1, and was changed by 
less than 3 per cent in the remaining 6. Eight of 9 patients with pre- to post¬ 
operative unilateral vital capacity determinations showed an increase in the 
per cent contributed by the affected lung exceeding 8 per cent (mean 17 per cent, 
minimum 8 per cent, maximum 26 per cent); 1 patient showed no change (No. 
3). The functional residual capacity increased 10 per cent or more (maximum 
132 per cent, minimum 10 per cent) in 8 patients and sliowed a change of less 
than 10 per cent in the other 3. 

The mixing index increased to an abnormallj^ high value (3.23 per cent) in 1 
patient; this index had been normal preoperatively. 

As previously noted, the ventilation at rest fell in 5 of the 11 patients; 
all of these had tuberculosis. AVith this single exception, no remarkable differ¬ 
ences in tests of bilateral function were noted between the pre- to postoperative 
changes in the tuberculous and nontuberculous groups. With respect to bron- 
chospirometry, however, inspection of Table II shows that the greatest improve¬ 
ment of the affected lung was noted in patients in the tuberculosis group. It 
is likely that this is attributable to the fact that these patients showed the 
poorest preoperative function. 

Summai'y: Participation of the affected lung in ventilation at rest was 
increased by decortication. This was a more consistent finding than improved 

•Percentagres were computed bj’ dividing the pre- to postoperative change by the pre- 
operative value. 
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ma\imuin bicathing capaelt■^ and oecuiicd indcpcndentlj ot the lattci Tije 
lesidual tolume and the functional icsidiial capacitj n&nalh incieased, this 
change occnmiig nioie fieqiieiitlj Ilian impio^emcnt ot tlic \ital capacib Tlie 
piopoition of the iital eapacitj coiitiibutcd bj the affected lung usually lose 
significantlj AVith one e\coption, intrapulmonaiy inixing -nas not ad\eiseh 
affected Inipio\cnient oi unihiteial iciitilation and \olume was most eon 
spicuous 111 patients with the sevciest picopeiativc deficit 

3 Postopetahvc Staiiii—VenUlaiton at rest was iioimal (below SOL /min 
utc/sqnaic metei bodj suifaee aica) in 9 patients Paiticipation of the affected 
side, howoici, leinained low in all patients c\cept two (No 4 and No 6) In 9, 
the abnoimalit's was such that the light lung contiibuted less than 50 pei cent 
when It was tlie site ot disease and the left lung less than 40 pei cent when the 
left side was afteeted These \allies had been below these lei els in 8 of the 9 
patients with pieopeiatiic studies The maJimum hieathing capacity was less 
than 90 pel cent ot the picdietcd value in 5 of the 11 patients and less than 
80 per cent in 3, it was oiei 90 pei eeiit of picdieted in 0 

Lung volumes Tlie \ital capacitj leniained below 80 pei cent of the 
piedioted lalue m G of the 11 patients and was 90 poi cent or more of piodicted 
in thioe instances The total lung capaciti was less fiequenth so low, lalucs 
below 80 pel cent of those predicted being found in 3 patients The lesidual 
loliimo was usiiallj noimal, in oiih 2 patients was a figuie ONcecding 150 pei 
cent of piedieted tecorded The latio of the icsidual lohinie to tlie total lung 
eapaoiti ONceeded 30 pci cent in 0 patients In 6 of these, this latio had been 
noiiiial pieopcratiieh The affected lung of 10 patients lemained giossh 
abnoimal with lespect to its eoiitiibiitioii to the vital capaciti (less than 41 
pel cent on the right in patients with light sided iinohement and less than 30 
per cent on the left when this was the affected side) No patient showed a 
normal distribution of the Mtal eapaeitj postopei atn oh 

All patients except 1 (No 6) bad a noinial mixing index postopeiatneh 
Snmmaiy Abnormalities of ventilation and iital capacitj wcie tlie inle 
lathei than the exception m patients studied postoperatiielj These weie 
detected more frequently hi unilatcial mcasiii ements than bj the bilatcia! 
techniques The residual solume and the index of intiapulmonaij’' mixing woie 
usuallj normal, the vital eapacitj was iisiiallv low Compaiison of tubeiculous 
and nontiiborculous gioups indicated no striking diffcieiices with respect to 
respiratoij status 

Studies of the Unilateial Total Lung Capacity (Talilc III) 

Two patients (No 3 and No 8) had acceptable pre and postopeiative 
studies of the unilateral total lung capacitj and a third (No 9) had a satisfaetorj 
postopeiative study only Patient 8 (Fig 3) showed a good postopeiative 
result, that is. Ins vital capacitj incieased from 19 to 33 pei cent on the side 
of the opeiation and the oxygen consumption fiom 13 to 24 pei cent Coi 
lespondinglj, the functional residual capaeitv of the right lung incieased 184 
pel cent and the lesidiial volume 166 per cent of the picopeiative value 
Tweiitv six pel cent of the functional residual capacitj and 29 per cent of 
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Table III. Pre- and Postoperative Unilateral and Bilateral Total Lung Capacities in 
3 Patients Treated by Pulmonary Decortication 



patient no. 9 

PATIENT NO. 8 

PATIENT NO. 3 


[ PREOP. 1 POSTOP. 

PREOP. 1 POSTOP. 

PREOP. 1 POSTOP. 


Vital Capacity 

Et., c.c. 

3033 

2665 

410 

760 

2492 

2386 

Lt., c.c. 

533 

1089 

1800 

1560 

721 

685 


Sum, c.c. 

3566 

3754 

2210 

2320 

3213 

3071 


Bilat., c.c. 

4115 

4180 

3310 

■ 3415 

3331 

3005 


Rt., % 

85 

71 

19 

33 

78 

78 


Lt., % 

15 

29 

81 

67 

22 

22 

Besiclual Volume 

Rt., c.c. 

748 

603 

455 

755 

735 

847 


Lt., c.c. 

266 

656 

1115 

1225 

477 

450 


Sum, c.c. 

1014 

1259 

1570 

1980 

1212 

1297 


Adj., c.c. 

859 







Bilat., c.c. 

740 

1.321 

1710 

1885 

1104 

1360 


Rt., % 

74 

48 

29 

38 

61 

65 


Lt., % 

26 

52 

7] 

62 

39 

35 

Functional Eesid- 

Rt., c.c. 

1386 

1225 

580 

1070 

1310 

1377 

ual Capacity 

Lt., c.c. 

358 

923 

1685 

1670 

612 

605 

Sum, c.c. 

1744 

2148 

2265 

2740 

1922 

1982 


Bilat., c.c. 

1625 

2121 

2405 

2635 

1924 

2070 


Rt., % 

79 

57 

26 

39 

68 

69 


Lt., % 

21 

43 

74 

61 

32 

31 

Total Lung 
Capacity 

Rt., c.c. 

3781 

3268 

865 

1515 

3227 

3233 

Lt., c.c. 

799 

1745 

2915 

2785 

1198 

1135 

Sum, c.c. 

4580 

5013 

3780 

4300 

4425 

4368 


Bilat., c.c. 

4855 

5501 

5020 

5300 

4435 

4365 


Rt., % 

83 

65 

23 

35 

73 

74 


Lt., % 

17 

35 

77 

65 

27 

26 

/ R.V. \ lAn 

Rt. 

20 

18 

53 

50 

23 

26 

1 lx 100 

Vt.l.c.^ 

Lt. 

33 

38 

38 

44 

40 

40 

Bilat. 

15 

24 

34 

36 

25 

31 

/P.E.C.X inn 

Rt. 

37 

37 

67 

71 

41 

43 

Vt.L.C./ 

Lt. 

Bilat. 

45 

33 

53 

39 

58 

48 

60 

50 

51 

43 

53 

47 

Mixing Index 

Rt., % LL 

0.91 

0 87 

6.77 

2.67 

cont.* 

cont.^ 

Lt., % N, 

1.10 

1.34 

1.32 

1.82 

2.32 

4.80 


Bilat., % N. 

0.60 

0.53 

1.59 

2.24 

0.86 

0.98 


*Contaminated during- collection. Normal index (2.5 per cent) used in computing F. R. C. 


the residual volume were contributed by tiie right lung preoperatively; post- 
operatively these figures were inci-eased to 39 and 38 per cent, respectively. 
The increase in the functional residual capacity of the affected side exceeded 
that in tlie inspiratory capacity, resulting in a higher ratio of the functional 
residual capacity to the total lung capacity postoperatively (71 as compared 
to 67 preoperatively). The residual volume increased in about the same 
proportion as the vital capacity so that the residual volume :total lung capacity 
ratio postoperatively was about the same as the ratio preoperatively (53 pre- 
operativelj^ 50 postoperatively). 

In contrast to this increase in all compartments of the lung volume in a 
patient with a satisfactory operative result are the figures for Patient 3 (Fig. 4) 
whose oxy«-en consumption and vital capacity suffered on the side of operation 
in consequence of surgery. In this patient, the functional residual capacity and 
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lesidual \olumc showed essontialh no tliange its n icsnlt ot the opeiatioii Inas 
imieh ab the mspnalon c.ip<icit\ and evpnaton Iesol^o also did not change, 
\olumetiic latios icinamcd tonstiint The laihiic ot the lung to expand moio 
fullj postopciatnelv thtietoic applied to all coinpaitments of the total lung 
capacity 

Patient ') is ot tuithei inteicst in that gioss diflcicnees in the distiibutioii 
of the vaiioiis eoluiiietuc eompaitmcnts, existed postopetafnolv Thus, although 
onh 2‘) pel cent of the xital capacitx was eontiibiitod In the left lung, the 
propoition of tlie icsidual xolume and the fiinetional icsidual eapaeitx uas 52 
pel cent and 43 pei cent, icspeetuch Aceoidingh, on the affected side the 
ratio of the residual loliimc to the total lung eapaeitx and ot the functional 
lesidiial capacitx to the total lung capacitx ixcie 38 pci cent and 53 pei cent, 
lespeetixel}, as eompaied to IS pel cent and 37 pei cent continlateiallx 

Gas Uxcliungc (Table 2VJ 

A Blood Gas Contents and Ventilation Pei fusion Bclationships 

1 Effect of Constncting Plcuial Peel —Oxxhemoglobin satuiatioii of 
aiteiial blood boloxx 94 poi cent was found in onh 1 of the 7 patients with pie 
opeiatixe detoiminatioiis (No 1, 919 pei cent) Aceoidingh, none of the 3 
patients with giadient studios dcinonstiatcd a siibstantialh clexated xenons ad 
mixttuo component at lest, the highest xaliie being 9 pei cent The ratio of dead 
space xoltime to tidal xolunio was also nouiial in these 3 patients Theie weie no 
abnormalities in the eaiboii dioxide contents of nrteiial blood in the 7 patients 
with pieoperatixe detciminations It is cxidcnt, theiefoie, that gloss abnoimal 
ities in the blood gases oi the iclationship between aheolai xciitilation and 
perfusion weie not commonh lound in the patients subjected to these anahses 
The pieseiice of iiiaignial abnoimalities howcxci, was not unusual In Patient 
11, these were significantlv ineieascd In cxeicisc (Table IV) 

3 Effect of Opciation —The satiiiation of aitciial blood was iiiipioxed in 
all saxe 1 of the 6 patients with pic and postopeiatixc detciminations The 
single exception (No 2) showed a dccicase in satuiatioii tiom 97 3 to 92 1 pei 
cent The 1 patient (No 1) xxitli a loxv pieopeiatixe xaliie xvas noinial post- 
opeiatixelj (97 7 pei cent) 

3 Postopeiative Status —In each of the 7 patients xxith postopeiatixe 
studies, the saturation of the aiteiial blood was in excess of 92 pei cent The 
5 patients xvitli giadieiit studies had xenons admixtuic latios of 7 pei cent oi 
less, dead space xalues weic also noimal (less than 30 pci cent of tidal xolume) 
in these fix e instances 

Summary The patients studied did not show stiiking deficiencies in blood 
gas content or abnoimalities in xentilation pei fusion lelatioiiships either pie 
or postopeiatixelx 

71 Btffusion 

1 Umlatcial Fuitiapation in Oxygen TJptal c (I'ablc 17)'^^ ''onoratixclx 
the affected side inxaiiably was abnoimally low in o t n-g, 



Table IV. Pre- and Postoperative Gas Exchange Data in Eight Patients Treated With PulmonjVry Decortication 
__ BASIC DATA _I DERIVED VALUES 
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uptake (below 40 per cent in patients with involvement on the right, below 30 
per cent when the abnormalitj’ was on the left). 

Seven of the 9 patients with pre- to postoperative comparisons showed 
increases on the affected side e.veecding 10 per cent (mean 19 per cent, maximum 
26 per cent, minimum 11 per cent). O.xygcn uptake in 1 of the remaining 
2 was not significantly changed (fall of 2 ijcr cent, Patient 9) and the other 
(No. 3) suffered a reduction of 7 per cent. 

Abnormally poor o.x.vgen uptake on the side of operation persisted post- 
operatively in 9 of the 11 patients. In 6 of these (Nos. 1, 3, 6, 7, 8, and 10) 
the degree of abnormality was such that when the right lung was affected it 
contributed less than 40 per cent and where the left Inng was affected its par¬ 
ticipation was less than 30 per cent. Two patients (No. 4 and No. 0) had a 
normal distribution of oxygen uptake postoperatively. 

Summary: Pleural peels affeeted the ipsilatcral lung adversely in all 
instances. Operation usually reduced the degree of abnormality significantly. 
In 9 of 11 patients, the restoration was incomplete. 

S. The Maximum Diffusiny Capacity (Table IVJ .—This measurement was 
performed preoporativoly in 2 patients with moderate reduction of unilateral 
oxygon uptake (No. 3, 26 per cent—^Fig. 4; No. 9, 18 per cent) and in 
1 in whom this defloicnoy was severe (No. 11, 7 per cent—Pig. 2). In the 
foimer 2 the maximum diffusing capacity with c-xorciso was minimally reduced 
(No. 3, 65; No. 9, 65), whereas in the latter this measurement revealed a con¬ 
siderable abnormality (No. 11, 38). The effects of operation ns determined by 
this measurement were different in each instance. In Patient 3, whose unilateral 
contribution to o.xj'gen uptake was reduced from 26 per cent preoporatively to 
19 per cent postoperatively, the maximum diffusing capacity fell from 65 to 54 
(Pig. 4 2J). The unilateral contribution to oxygon uptake for the second patient 
(No. 9) was virtually unaffected by the operation; the maximum diffusing 
capacity, however, increased from 65 to 85. The third patient (No. 11) was 
considerably improved by operation (preoperative oxygen uptake on affected 
side, 7 per cent; postoperative, 30 per cent); accordingl.v, the maximum diffusing 
capacity increased from 38 to 54 (Pigs. 2JS). With respect to postoperative 
status, only the value for Patient 9 is noi'mal, the other 2 being low. As is in¬ 
dicated in the discussion, the normal value is subject to question. 

DISCUSSION 

Factors Affecting Operative Besutts .—It is evident from comparing the 
effects of a pleural peel or the results of operation in selected instances that 
considerations other than ctiologj’’ are the determinants of pre- and postoperative 
respiratory status. In the absence of extensive parenchymal damage, a lung 
which contributes negligibly to respiration preoperatively may show striking 
improvement postoperativeI.Y whether it be incarcerated by a tuberculous or a 
nontuberculous process (see Patients 2, Pig. 1, and 11, Pig. 2). 

To the extent that the decorticated lung has been destroyed by disease, 
the postoperative status is understandably jeopardized (Patients 6 and 8, Fig. 
3). Inasmuch as such irreversible damage is more coi*'rnn»-’ 
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uptake (bolou 40 per cent iii patients iiith iinohemcnt on the light, belovv 30 
pel cent when the abnoimality u as on the left) 

Se\en of the 9 patients uith pie to postopciatiie compaiisons shoued 
11101 eases on tlie aftectod side exceeding 10 pei cent (mean 19 pci cent, maximum 
26 pel cent, minimum 11 per cent) Ovvgeii uptake in 1 ot tlic lemaining 
2 Mas not significantly changed (fall of 2 pei cent, Patient 9) and the othei 
(No 3) suffered a i eduction of 7 pei eent 

Ahnorniallj pooi oxigen uptake on the side of opeiation peisisted post 
opeiati\el3 in 9 of the 11 patients In 6 of these (Nos 1, 3, 6, 7, 8, and 10) 
tlie degiee of ahnormalitj uas such that uhen the light lung Mas affected it 
contiibuted less than 40 pei cent and xvlicic the left lung Mas affected its pai 
tieipation was less than 30 pei cent Tmo patients (No 4 and No 5) had a 
noimal distiibution of oxigen uptake postopeiatiielv 

Smnmaiy Plcuial peels affected the ipsilateial lung advcisclj in all 
instances Opeiation usualh ledueed the degiee ot abnoimaliti sigmficanth 
In 9 of 11 patients, the lestoiation Mas meompicte 

2 The J/rmninm Diffusing Cupaetty (Tahlc IV) —This measurement Mas 
poifoiinod pieopeiatneh in 2 patients Mitli modeiato icdiiction of umkvtcial 
0X1 gen uptake (No 3, 26 poi cent—^l'’ig 4, No 9, 18 pel cent) and in 
1 111 iihom this dofieicnej’ Mas seicic (No 11, 7 pci cent—Pig 2) In the 
foimei 2 the maximum diffusing capaciti iiith cxcicise iias miiiimallj reduced 
(No 3, 65, No 9, 65), iihoieas in the lattci this measuioment leiealed a con 
sideiable abnoimality (No 11, 38) The effects of opeiation as determined by 
this measuioment were diffoiont in each instance In Patient 3, mIiosc unilatoial 
contribution to oxygen uptake Mas reduced fiom 26 pei cent pieopeiatneh to 
19 per cent postoperatn elj', the maximum diffusing capacity fell fiom 65 to 54 
(Pig 4 B) The unilateial contribution to oxjgen uptake foi the second patient 
(No 9) Mas Mituallj unaffected bj the operation, the maximum diffusing 
capaciti, hoiieiei, incieased from 65 to 85 The thud patient (No 11) Mas 
considerabh impioied hi operation (picopeiatne oxjgen uptake on affected 
side, 7 per cent, postopeiatiic, 30 pel cent), accoidinglj, the maximum diffusing 
capacity incieased from 38 to 54 (Pigs 2B) With lespeet to postopeiative 
status, only the value foi Patient 9 is normal, the othei 2 being low As is in 
dioated in the discussion, the normal value is subject to question 

DISCUSSION 

Pactois Affecting Opeiahve Results —It is evident fiom eompaiuig the 
effects of a pleuial peel oi the results of opeiation m selected instances that 
considerations other than etiologi aie the deteimiiiants of pie and postopeiatno 
icspiiatoiy status In the absence of extensive parenchymal damage, a lung 
which contiibutes negligiblj to respiration preoperatn elj' may sIiom sti iking 
improvement postoporatnely Mhether it be iiicaiceiated bi a tubeiculous oi a 
nontuboiculous piooess (see Patients 2, Pig 1, and 11, Pig 2) 

To the extent that the decoiticated lung has been destiojed by disease, 
the postopeiative status is understandablj jeopardized (Patients 6 and 8, Pig 
3) Inasmuch as such iiieiersible damage is moie eommoiil} associated Mith 
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tuberculous pleural involvement than it is Avitli the other conditions for which 
decortication is performed, results in tuberculous patients unseleeted for the 
absence of parenchymal involvement can be expected to be relatively poor.'' It 
should be observed, however, that the limitation in recovery for patients receiving 
early treatment is imposed by the presence of pulmonary pathologj' rather 
than by the etiology of the pleural peel. Although this point has been clearly 
made by studies of patients other than ours,® previous implications to the 
contrary^’ “ may justify its re-emphasis. 

The dvration of incarceration is another of the factors which affect the 
degree of functional improvement.'* The limited change found in Patient 8 
(Pig. 3), contrasting with the conspicuous restoration in Patients 5 and 11 (Pig. 
2), is probably partly attributable to the length of time during which the 
affected lung’s activity was restricted. The adverse effect of time is perhaps 
less surprising, however, than is the fact that improvement of the magnitude 
recorded is possible after seven years of restriction (Patient 8, Pig. 3). Indeed, 
even longer periods have been shown to be compatible with significant recovery.® 
It should be pointed out that preoperative appraisal is particularly important 
in these patients, for in its absence the degree of postoperative abnormality 
might obscure the value of operation. 

The adverse effect of operative coinpUcations is illustrated by a comparison 
of the figures for Patients 1 and 2 (Table II) both of whom had a nontubereulous 
pleural membrane on the left. Inadvertent left phrenic nerve paralysis and a 
postoperative empyema in the former doubtless account for the relatively low 
postoperative values recorded. Similarly, the postoperative bronchospirometric 
differences between Patients 10 and 11, both of whom had comparable pre¬ 
operative deficits due to tuberculous empyema, are in all likelihood attributable 
to a postoperative bronchopleural fistula in the former. 

Among the additional considerations which must be weighed in anticipating 
the functional change as well as the postoperative result is the patient’s pre¬ 
operative status. Obviously a patient with normal function preoperatively 
cannot be expected to improve and, correspondingly, one with extremely poor 
function can hardly be adversely affected. Among the 11 patients, 7 were com¬ 
parable with respect to age, sex, minimal or no parenchymal involvement, 
duration of disease (less than one year), and absence of serious postoperative 
complication. Among these, improvement in vital capacity or maximum breath- 
ino- capacity was usually not found unless these modalities were depressed below 
70 per cent of normal preoperatively. 

Selected Observations. —^Among the most constant effects of pulmonary 
decortication in these 11 patients was an increase in residual volume, a change 
which could be attributed to the removal of a noncommunieating intrathoracic 
mass and to the release of retracted parietes. Associated roentgenographic find¬ 
ing's were the elimination of density between the lung and thoracic wall and 
the Avidening of the intercostal spaces which Avas frequently seen postoperatively. 
This increase in residual volume, either absolute or relative to the total lung 
eapacily should not be identified Avith “overdistention” and construed as 
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detiimcntal lo function ]^■ltlont 7, foi example, dcnionsfiatcd ,in mciease ni 
oxygen uptake on the aflccted bide fiom 17 pti tent pitopeiatnelj to 40 pti cent 
postopeiatnelj although Ins lesidual xolumc almost tiiplcd uid the solumctuc 
latio became abnormal (40 pci cent) So long as it is not assumed that the 
incioaso in lesidnal \olnme is out of piopoition to the additional nuinhci of 
inflated aheoli, theio is loason to iiitcrput tlu change is taconlih lathei than 
the opposite 

The functional icsidnal eapautc was also lommonli angmented be opera 
tion, an inciease exceeding 200 ce Inning occiuied m 7 ot the 11 patients The 
reasons for this nieicase paiallel those cited toi the changes in icsidud tolume 

In icconstineting the coioll iiics ot these lohimetne inrieascs in a patinit 
snth as No 11 (Table IT, Tig 271), it is icasonahlo lo assume that a poition, 
if not most, of the additional an contained be the lung fills aheoli ivhieli ucie 
pietioush collapsed In the picsent stndt and in that of Caiioll ' Hit fignies 
tor phjsiologic dead space and foi tenons admixtiiio both pie and postopera 
tnelj suggest that noimal ulalionslnps hetwetn \cntilitioii and ptrfnsion aie 
appioximated in compicssed As uoll as in le expanded paicntlnma, aieas nhich 
are uincntilated proopoiatuel} tend also lo he nnpoi fused and those that aie 
lentilatod ate coricspondingh peifusod As ahtoli open postoptiatneh, the 
lestoiation of then lentilation tends lo he imtclnd In poifusion of thou 
capillaries uith blood Ilxpinsion ot the aheolai capillaij htd is the structural 
result, the functional eounteiTiai ts henig a ichtnc incicase in the eontiibntion 
of the affected lung to ox.t gon uptake and in augmented diffusing capacity 

Although these latter tno indices diftei in jnecision and to some extent in 
implication, thet aie iieteithelcss both tunctions of tin expaiisn eness of the 
aheolarcapillan bed” Accoidingh a change in one nas associated in 2 
patients (No 3, Tig 47? and No 11 Tig 27?) uith a change of similat sign 
m the other 

In the thud patient subiccfed to both anahses pre and postopciatnely, 
unilateial uptake of oxygen uas not significanth affected by suigery (preop 18 
per cent, postop 16 poi cent) Diffusing capaciU, houeiei, incicased fiom 65 
preoperatuelj to 85 postopciatucly A diffeicnce of this magnitude might be 
explained bv suinmating the maximum errois of the anahses reiiuired for 
measuring the diffusing cap,icity Indeed, the fact that the postoperatis e 
figure IS normal, although the paiticipalion of the left lung in oxtgen uptake 
IS so lou, suggests that estimation of the diffusing capacity, bionchospiioraetnc 
determinations, oi both, nere in ciioi An alternatnc explanation, assuming 
the rcliabihU of both figures, is that the exexcise required for the maximum 
diffusing capacity determination hiought out pioperties of the lung not detect 
able in the “icsting” state Excicise is knoiin to result m expansion of the 
diffusing suiface’= It is concenablc that exercise increased the effectne 
diffusing siiiface postopciatucly in spite of the fact that the relatne dimensions 
on the right and left at rest remained unaltcicd 

Despite improicment, no patient nas fulh restoud lo noimal hi operation 
The short postopcnitnc intcrxal el ips.ng before the second studi probabh 
accounts in pait foi this limited iccoien Patients studied sMthin thiee . 
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following even a minimal resection commonlj'^ show a loss in vital capacity and 
maximum breathing capacity amounting to 12 per cent of their preoperative 
value.^^ Wright and his associates^ and Patton and his co-workers® have shoAvn 
that unilateral return of function following decortication is protracted, in 
some instances extending over a period exceeding one year. With these con¬ 
siderations in mind, it is evident that the extent of improvement in the present 
patients was prohablj’’ less than may be expected ultimately. By the same 
token, the minimally adverse effects on some tests in Patients 3, 4, 6, and 9 would 
possibly not have been found after a longer convalescence. In no instance was 
there evidence, as reported in some patients with extensive parenchymal damage,’ 
that the respiratory status postoperatively included gross abnormalities which 
had not been present preoperativel3^ 

Attention has been drawn'* to the number of patients in whom contribution 
of the decorticated lung to oxj^gen consumption is less than that to ventilation 
and a pathologic basis for this finding in tuberculosis has been suggested. This 
disproportion was found in 5 of the 11 patients. Each of these had either 
parenchymal damage (No. 6, No. 8), a postoperative complication (No. 1), or 
a poor functional result in terms of unilateral oxj’-gen uptake (No. 3 and No. 9). 
In none of the other 6 patients, 4 of whom had tuberculous pleural disease (Nos. 
5, 7, 10, and 11), did this finding i^revail. When parenchymal damage was 
minimal or absent and when operation was early and uncomplicated, therefore, 
proportionate participation in ventilation and oxygen consumption was the rule 
rather than the exception. If one uses oxj^gen uptake as a criterion of perfusion, 
it is apparent that this generalization follows from the fact that the postoperative 
values for ventilation-perfusion relationships fell within normal limits. 

SUMMARY 

Eleven patients requiring pleural decortication of either a tuberculous or a 
nontuberculous pleural peel were evaluated from a respiratory point of view 
both pre- and postoperatively. The tests pertained to unilateral and bilateral 
ventilation and total lung volumes, intrapulmonary mixing of respiratory gases, 
ventilation-perfusion relationships, and relative dimensions of the diffusing 
surface (maximum diffusing capacity). 

The preoperative deficit usually consisted of impaired ventilation, diminished 
luno- volumes, and a reduction in the dimensions of the alveolar capillary bed. 
Defects in the mixing of gases within the lung and in the relationship between 
ventilation and perfusion were uncommon. 

Operation was usually folloAved by improved ventilation, increased lung 
volumes, and restoration of alveolar-capillary units. Etiology per se did not 
affect the magnitude of these changes. Duration of disease, parenchymal in¬ 
volvement, postoperative complications, and the degree of preoperative func¬ 
tional impairment were factors contributing to the extent of recoveiy. Pro¬ 
tracted disease did not preclude improvement. 

Postoperatively, no patient was normal with respect to all tests, possibly 
because the convaiescence prior to re-evaluation was brief. No gross deficit 
occurred as the direct result of surgeiy. 
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Consistent ^\lth the csscntialh mechanical natuic ot the impaiiment imposed 
on the lung b\ picuial cmclopment, the plnsiologic abiionnahties pioduced ■\\eie 
le^cisible to \arjing degrees suigical remo\al of the confining stiuctnies 

Ga<? aimUses and stiubes of bilateral \entilatioii and lung aoliimes were perfornied hy 
Ho'^pital Corpsmen of tlic United States Na\j trained in tho Cardiopulmonarj Laboratory 
of tlie US Naval Hospital, St 41bans The authors arc particular!} grateful for the 
diligence of the following .Terr} Borrclli, John Briggs, Kenneth Gorr, IIenr> Haddad, 
Tames Heid, Ko} Johanc^sen, Joseph Malm, Kicimrd Monsces, Tolm O’Bnen, Robert Obsor, 
Ernest Picknall}, David Prior, and Robert Ranf 

The autliors are abo indebted to Dr John Cincotti, Chief of Snrgerj at tho Veter ms 
Admimstratioii Hospital, Brooklyn, New York, for referring Patient 8 
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COMPLICATIONS OF FIRST RIB FRACTURE, INCLUDING ONE CASE 
EACH OF TRACHEOESOPHAGEAL FISTULA AND AORTIC ARCH 

ANEURYSM 

Thomas ^Y. Holmes, Jr., M.S. (Surgery), M.D.," Denver, Colo., and Rush E. 
Netterville, M.D.,** Jackson, Miss. 

SURVEY OF LITERATURE: INCIDENCE AND COMPLICATIONS 

F racture of the first rib has become an increasingly frequent injuiy since 
the advent of the modern automative age. Despite its sturdy structure and 
relatively protected situation, the first lib is ^uilnerable to sufficient degrees 
of indirect violence such as that supplied by the “steering wheel” chest in¬ 
jury, or from direct violence of various types. According to Johnston,^ who 
reported an early ease of first rib fracture complicated by lung abscess, these 
principles were emphasized more than sixty j-ears ago by Lane,- who postulated 
three mechanisms by which the first ribs were liable to fracture: (1) indirect 
violence transmitted through the clavicle, (2) direct violence from force applied 
from behind, and (3) indirect force transmitted through tlie sternal manubrium. 

The earliest available record of traumatic first rib fracture was that by 
Jones,® 1869, whose patient was injured in a street fight. Apparently the first 
recorded case due to automobile accident was that of Codd,^ in 1916. Neither of 
these patients had significant associated injury or complication. 

Several recent series attest the increasing frequency of first rib fracture. 
Hinton and Steiner,® in 1940, described it in 14 of 393 right, and 8 of 414 left 
fractured ribs. Knoepp,® 1941, found 16 fractures of the right first rib, and 
15 of the left, in a total of 386 cases of rib fracture. Powell" discovered 25 
cases in the British Army during a nine-month period in 1950, not due to com¬ 
bat injuries. Huber,® however, was able to find only 26 cases in the world litera¬ 
ture prior to 1934, to which he added 4 personal cases. Huber emphasized the 
difficulty of diagnosis of the uncomplicated case by x-ray, especially in instances 
in which other fractured ribs, more readily recognized, might explain the sjrnip- 
toms presented. That such a fracture may occasionally heal unrecognized is 
indicated in the reports of Cohen,® and Alderson,’® who discovered healed, pre¬ 
viously undiagnosed, isolated fractures of a first rib in approximately 0.1 per 
cent of routine chest x-ray in a combined series of more than 80,000 young 
militarv personnel. In 10 of Alderson’s 73 cases, the fracture had been bilateral. 

A varietv of complications have been attributed to fractures of the first 
rib, but in most instances these have been the usual complications accompanying 

^nrr> the Department of Surger}% Umtyrsity of Mississippi School of Medicine, and the 
Veterans Administration Center. Jackson, Miss. 
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the fiaotme of am nb Biesliii,” in 1937, listed these compheations of first 
rib fiactuie (1) abscess foiinatioii, above oi below the clavicle, (2) iiiptuie 
of the apex of the lung, (3) empjeina, (4) plemisv, (5) homouhage, and (6) 
nerve symptoms, immediate, oi delajed, due to piessine of callus Ostiowshi' 
described a luptuied subclavian artciy icsulting fiom. fiaotuie of the light 
first lib Paralvsis of the biaehi.il plexus accompanying such injuiy has been 
described bv Milligan and Ford,’“ and by Chav any, LeEov, and Lobel “ 
Homer's sjndiomc caused bv fiaetuie of first nb was leported bv Eebhoin,” 
and by Kulowski and Rxan’“ Massixp ceivical swbeutancous emphxsema oe 
euiied in 1 case of Ilubei’s senes “ Zimmciman*" desciibed a hematoma occiipj 
ing the supeiioi and middle niodiastina following seveie lateial chest compies 
sion which had irsiilted in fiactuie of the fiist and second iibs bilatoiallv, the 
left clavicle and light sc.apula The hematoma icsoibed spontaneouslv without 
sequelae 

A^AmSIb OF EIGHT VFVRS EXPERIENCr WITH nFPORT OP TWO CVSES 

The oeeuiieiiee of soveio mediastinal complic.ations in 2 patients siitfeinig 
first rib fiactuie piompted a sunev of oui expeneneo with this eiititv .it this 
huge veteians hospital Fiom .Ian 1, 1947, thiough Dec 31, 1954, 170 pa 
tients were hospitah/od with a diagnosis of fractured iibs, inaiiv associated 
with othei injuiies Of this tiumhoi, 17 (10 pei cent) had fiactuies of one 
or both fliiit libs, isolated, oi m addition to othei nb fiiictures These cases 
aie biieflj summarized in Tabic I One patient, wliose fiacture w.is piodiieed 
b> a shotgun wound, has been omitted fiom the senes All the lemaindei had 
closed chest trauma 

It IS readily appaient that in 2 patients (Case 10 and Case 16, Table I) 
there were significant complications involving mediastinal stiuetuies which could 
reasonably be attiibuted to the mechanisms responsible foi fiactuie of the upper 
ribs These cases will be considered individually 

As would be expected, the incidence of biacliial plexus injniv in this gioup 
(3 eases) was much higher than in the iib fiacture senes at laige, especiallv 
since there was ipsilateial fiactuie of the clavicle in one of these 

It IS interesting that theie wcic 15 cases of second nb fiacture, including 
one of bilateial oceiurence, othei than those accompanying fiactuie of a fiist 
vib, and oi tins gionp only one, which was associated with an ipsilateial clav 
iciilar fiactuie, showed evidence of biachial plexus iiinu’y Theie were no 
mediastinal complications in this group, or in the remainder of the nb fiactuie 
series, the complications being confined to the usual efteets of pleural puncture 
by the bone fiagmeiits pnciimothoiax, hemothorax, subcutaneous emphvsema, 
pneumonitis, and empvcma, in oidei of ficqueney named 

Case 1 (Table I) was unusual in that a Homer’s svndiome oecuned on the 
right, where no nb cephalad to the fouitU was fiactuied, while theie was no 
evidence of associated lesion ui the vicinitv of tlie liactuied left fiiNt nb The 
othei patient in the senes exhibiting injuiv to the stellate ganglion (Case 12, 
Table I) had siifieied fraetuie of the ngl 
the right clav icle 



Table I. Cases With First Rib Fracture 
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The -unusual effect of fracture healing in Case 9 (Table I) is thought to 
be of sufficient interest to warrant brief description. A 57-.year-old Negro man 
was hospitalized in a state of cardiac failure. He had a long history of syphilitic 
and lypertensNe cardiovascular disease, with multiple admissions to this in¬ 
stitution. No history of trauma was given. An unusual feature was marked 
edema of both upper arms, which Avas out of proportion to ankle edema and 
other^ manifestations of right heart failure. The patient folloAved a rapidly 
deteriorating course, and died on the eighth hospital day. At autopsy, recent 
fractures of the first ribs bilaterally, 5 cm. from the costosternal junctions, Avei’e 
found. Callus about the healing fractures measured 4 cm. in diameter, compres¬ 
sing the subclaAdan veins against the claAueles at those points. This, in the 
pathologist’s opinion, Avas sufficient to produce the marked edema of the upper 
arms. 

CASE REPORT 

The patient, C. D. T. (Case 10, Table I), was a 24-year-old white man who was first 
admitted to the Veterans Administration Hospital, Jackson, Miss, on July 4, 1952, one 
week following an automobile accident in which he suffered a "steering wheel injury" to 
the chest. He had no significant complaints until four days following the accident, when 
he developed a sore throat, had difficulty in swallowing, and regurgitated a piece of meat 
eaten the previous day. • Tliere was evidence of acute pharyngitis, which responded to anti¬ 
biotic therapy. The chest was clear, and x-rays reportedly negative for rib fracture. His 
symptoms improved sufficiently so that lie was discharged on July 23, 1952. 

One month after discharge the patient returned to the Outpatient Department com¬ 
plaining of an intermittent dry cough. X-ray on that date revealed a healing fracture of 
the left first rib. Examination was otherwise negative. 

He continued to cough intermittently, and noted that swallowing liquids frequently 
resulted in coughing and gagging, while he had no difficulty in swallowing solid foods. The 
sputum became purulent, occasionally blood streaked, and he developed a low-grade fever. 
He was readmitted to the medical service on Nov. 7, 1952, -with the diagnosis of lung abscess, 
left upper lobe, thought to be due to material aspirated at the time of the bijury, or during 
the episode of pharyngitis. 

The abscess was evacuated spontaneously, and entirely disappeared on conservative man¬ 
agement during one month of hospitalization. Bronchoscopy during this admission revealed 
only congestion of the mucosa of the left main bronchus. 

Ten days follow-ing discharge, the patient was again admitted to the medical service, 
w'ith evidence of pneumonitis, lower lobe, right lung. Again there was rapid response to 
antibiotics. However, in view' of the recurring respiratory difficulties, and the continued 
complaint of cough induced by swallowing liquids, surgical consultation was obtained. 

An esophagram on Jan. 2, 1953, revealed an anterior, esophageal diverticulum of the 
pulsion type at the level of the fourth thoracic vertebra (Fig. 1). There was no sign of 
barium entering the trachea, however it was noted fluoroscopically that the filled diverticulum 
impinged upon the trachea, producing coughing and gagging. Bronchoscopy was repeated, 
revealing an erythematous papule, 6 mm. in diameter, on the posterior tracheal wall just 
above the bifurcation. A droplet of mucus exuded from the center of this lesion during 
observation, and was assumed to have passed through a fistula originating from the esophageal 
diverticulum. No additional information w-as obtained from esophagoscopy. 

Thoracotomy was performed on Feb. 4, 1953, through the right fourth intercostal space. 
There was a diverticulum of the esophagus, approximately 2 cm. in diameter, situated 4 cm. 
above the level of the azygos vein. It arose from the anterior surface, and was intimately 
attached to the posterior waU of the trachea (Pig. 2A). There was considerable fibrosis 
and edema of tissue surrounding the diverticulum. The diverticulum, which measured 4 cm. 
in length, was freed of surrounding tissues and divided at its mid-point between two small 
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bronchnl clamps Each stump v.'xs closed with two rows of interrupted No 3 0 sUk mattress 
sutures, so spaced as to obliterate the dx\ crticulum, and thus the fistula, at both ends (Fig 
2B) The thorax was dosed m routine fashion, with water seal drainage 

The postoperative course was uneventful The patient was fed bj gastric tube for 
five dajs, and was allowed a soft diet on the tenth daj He was discharged on Feb 16, 1953, 
with no complaint In answer to a letter on April 27, 1953, the patient stated that lie had 
remained svmptom free Following this, he was unfortunately lost to follow up 



1 Case 10 Table I EsophaCT'ara which reveals a pulsion tlherticulum on the anterior 
wail or the esophagus No barium enteretl the divcrticutotiacheal flstula 

To summarize, an esophageal divcrlipulum, with fistiili/ntion into the trachea, was di ig 
nosed and repaired ci\ months following an automobile accident winch Ind resulted in frac 
ture of the left first nb Symptoms present during the intervening period stronglv suggest 
that the diverticulum, ns well ns the traclicocsoph igenl fistula, was traum iticallv incurred 
It IS possible, liowcvor, that an asv mptomatic congenital diverticulum liad existed previoush, 
and that traumatic fistulization occurred between the trachea and tl is weak point of the 
esophageal wall 
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Comment .—An excellent review of tracheoesophageal fistula resulting from 
closed chest trauma has been recently presented by Volk, Storey, and IMar- 
ragoni,^® who found 7 previous cases,^® and reported a personal case which 
was unique in that it involved the cervical trachea and esophagus, and was 



Fis ’ A and H —Case 10, Table I A, Dl^e^tlculum of anterior esophageal wall, the 
fundus intiniatelj adherent to the posterior tracheal wall, where a small traumatic fistula had 
de\ eloped The esophagus is retracted posteriorly by a rubber dram The arrow points to 
the fistula which is retracted bj a linen tape B. The di\erticulum duided, each stump ob¬ 
literated with double rows of interrupted silk sutures Arrows indicate suture lines 


the fil-st reported case due to blast injury. In none of these instances did frac¬ 
ture of a fii-st rib occur, however. Piquet, Bluller, and ]\Iarchand®® described 
fracture of left ribs 3, 4, and 5, and the patient of Stephens and Perrier®® suf¬ 
fered a fraeture of the left scapula. 

Six of these patients®®- ®® were treated by definitive surgery with good 
results Five authors®® ®® used the right thoracotomy approach originally em- 
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ployed by Adams and Mabley.-* Volk, Storey, and IMarragoni'® nsed a left 
anterior cemcal approach to repair the dstida they leported, -which lay at the 
level of the thyroid istlunns 

In the case of Piquet, Muller, and hlarchand,^® there was an esophageal 
diverticulum at the site of the fistula, similar to the situation just described. 
The diverticulum, however, was thought to have been pre-existing, rather than 
a product of the trauma which was responsible for the fistula. No other such 
combination has been reported, although Jenkinson and Bate,^'^ and Coleman 
and Bunch^^ reported fistulas betueen esopliageal diverticula and the tracheo¬ 
bronchial tree from causes other tlian trauma. 

Apparentlj”, then, this case represents tlie ninth lepoztcd instance of iraclieO' 
esophageal fistula lesulting fiom closed trauma to the chest, and the fii*&t to be 
associated with a fiacturc of a fiist rib. It is the seventh such fistula to be 
successfully repaired by diicct diiision and suture. 

CASE REPORT 

The patient, H. F. M. (Case IG, Tabic I), was a $4 jear old white man who was admitted 
to the Veterans Administration Ilo^ipital, Jackson, Miss in October, 1952, following an 
automobile accident in whicJi ho sutfered simple fracture of the right tibia and fibula, in 
addition to fractures of tlie left first and second nbs Chest \ raj reiealed a widening of the 
superior mediastinum in the postcroantenor Mew (Fig. 3), interpreted as hematoma and/or 
mediastimtis, secondary to the chest trauma Tliore were no referable complaints, or signs 
of mediastinal lurcrlrenient The extremity Iracfures were treated on the orthopedic serv¬ 
ice with open reduction, the liospital course being complicated onb by the de\elopment of a 
mild left pncuraomtis with pleural effusion, which responded to conscr\atno management. 
On subsequent orthopedic obaenations in Pecomber, 1952, Marcli, 1953, and May, 1953, 
there was no 8;vmptom or sign referable to the chest, the mediastinal shadow remaining 
unchanged hy x ray. 

In December, 1954, the patient applied for re enlistment in the Marine Corps Chest 
X ray revealed a mass in the vicinity of the nortic arch He was disqualified for enlistment, 
and hospitalized for nppinpnatc studies to dctcimine the nature of the lesion There had 
been no complaints referable to the chest or cardiovascular system The patient liad been 
emplojed as a ward attendant m a mental institution for six months prior to admission, 
with no limitation of activitj. 

Past history, in addition to the injuries described, included multiple skull fractures 
incurred in a fight in November, 1951, following which the patient had deieloped grand mal 
epilepsy Fractures of maxilla and ilium were sustained in an automobile accident m April, 
1952 Following each injury, chest \ rajs at this institution had been normal. There liad 
been no epileptic seizure for eight months prior to the last admission. 

On admission, Dec 2S, 1954, there were no abnormal phjsical signs Blood pressure 
was 110/72, both arms The chest was clear, with no palpable thrill, bruit, or murmurs 
Chest X raj revealed a mass which appeared to project into the left lung field aboic the hilar 
region, with a suggestion of fine calcium deposits in its periplicrj’. On fluoroscopy, tlic mass 
could not be dis<«ociated from the aortic shadow, and it displaced an expansile tjpe of ptilsa 
tion. An angiocardiogram on Jan 3, 1955, confirmed the impression of ancurjsm of the 
descending portion of the aortic arch (Fig. 4, A and R) Routine laboratorj* studies, includ¬ 
ing sputum examination and tuberculin tests, were mgativc Bronchoscopy was normal but 
for a suggestion of increased cannal pulsation Left scalene fat pad biopsy, requested bj’ 
the chest therapy board, was negative for neoplasm 

Thoracotomj was performed on Jan 11,1955, through a sternal splitting incision extend¬ 
ing into the left third intercostal space. An ancurjsm measuring 6 by 8 cm on its predominant 
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The patient was discliarged on Feb. 18, 1955, to remain at limited activity. He was 
seen on April 20, 1955, at which time he had no complaints. Blood pressure -was 118/76 both 
arms, tlie chest was clear. A posteroanterior chest film on that date revealed slight 
diminution in size of the aneurysm (Fig. 6). He was personally contacted on May 29, 1955, 
and again had no complaints. 

To summarize, a traimatio fimform aneurysm involving the distal portion of the aortic 
arch was diagnosed more than two years following an autombile accident which had resulted 



A. 



B. 


Wie- s A and B _Case 16, Table I A, Traumatic aneurism of thoracic aorta, in\olving 

a.cfoi lilif of arch The left subclavian artery arose from the proximal portion of the aneu¬ 
rism and the ?eft C-ilus Ld phrenic neries iicre embedded along its anterior surface 
nlnmies may be seen in the most prominent area. Aortic aneurj-sm is marked by a, 
Catoum P'^-nues maj oe seen _m i ^ coiered with irritatiie polyethjlene, with outer 

fa/er'^of'^nonimtating poi-ethylene; both sheets sutured to mediastinal pleura about all surfaces 
cjf the an” mysm The aortic aneurysm is marked "a. and descending aorta is just below b 
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in fricture of tlic left first and second ribs Some widening of the superior mcdnstinum 
detectnble hj \ raj shortlj following the accident, and attributed to hcniorrhage and/or 
mediastinitis, ma} ha\o been, in retrospect, an important duo to the extent of trauma to the 
aortic arch The aneurism, which was cntireh asymptomatic, was co\eiod with rcacti\e 
pol}cth\Iene Oa early follow up, it has responded well to this conscrratire surgical attack 



rig 6—Case 1C Table I Postcroanterior xiew of chest made three months after cov 
erlng aortic arch aneiirjsni mth reactlae polyethylene The mass is slightly smaller than In 
the preoperati\e fllm (Pig 4/1) Note persistent eleaatlon of the left hemicliaphragm appar 
ently from irritation of phrenic ncr\e 

Comment —The nieehaiiical factois culminating in ancurtim of the thoracic 
aoita secondaij to indirect tiaunia )ia\c been nell coiicoucd Shennan'® the 
oiized that sucli aiieurjsiiis should occur at three sites (1) lust ahotc the 
aortic \ahe, (2) just below the attachment of the ductus aitciiosiis, and (3) at 
the origin of inteicostal aiteiies These postulates nete influenced the nork 
of Oppeiilieim,®’ ivho pioduced inUmal luptuie in cada\eis’ aoitas at Shen- 
nan’s sites 1 and 2 bj injectnig fluid at high piessure (3,000 mm Hg) The 
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left subclavian artery as a result of an automobile accident in which she suf¬ 
fered fracture of the third ribs bilaterallj^ and the body of the first lumbar 
vertebra. The aneurj’^sm was wrapped with reactive cellopliane nine months 
following injury. Symptoms recurred one year postoperatively, accompanied 
by clinical and x-ray evidence of enlargement of the aortic shadow. The lesion 
was excised tangentially fifteen months following the first procedure, two years 
following injury, with good result. 

Eesection of traumatic aneurysms of the aortic arch and replacement hy 
homografts have been successfully accomplished on two occasions. Stranahan, 
Alley, Sewell, and KauseT® report the case of a 25-year-old Negro man with 
a ‘ ‘ classical traumatic aneurysm of the descending aorta ’ ’ discovered by routine 
x-ray five years folloAving an automobile accident of tlie steering wheel tj^DC. 
Multiple fractures of the skull and extremities, and contusions of chest and 
abdomen had occurred, though no fractures of rib, sternum, or clavicle were 
found. 

Being unable to excise the aneurysm tangentially, which arose just below the 
left subclavian arteiy and encircled three-fourths of the aorta’s circumference, 
Stranahan and his team excluded the distal aortic arcli by means of an in¬ 
geniously devised shunt of Tj^gcjn, poljmthylene, and silicone glass, wliieh de¬ 
livered blood from the subclavian arterj’- into the aorta distal to the aneurysm. 
The aortic segment containing the aneuxysm was resected, and replaced with 
an 8 cm. length of homologous freeze-dried aorta. On five-month follow-up 
the patient was doing well. These authors had previously emploj^ed a similar 
device in resecting a massive syphilitic aneurysm involving the entire thoracic 
aorta. In that instance, however, the shunt was somewhat more complex in that 
it delivered blood from the ascending aorta into both the innominate artery 

t and the distal aorta. 

^ Cooley and DeBakey®® reported a successful resection of a traumatic 
aneurysm of the distal aortic arch in a 31-year-old man, Avhich had recurred 
five months following partial tangential aneurysmectomy. This was 1 of 7 
cases in which these authors have resected aneurysms of the distal arch and 
descending thoracic aorta, with replacement by liomologous graft. In these 
cases, and in 5 patients in whom coarctations of the tlioraeic aorta were similarly 
resected and grafted, thej^ have been able to cross-clamp the aorta distal to 
the left common carotid artery, without the aid of shunt, Avith a mortality 
rate of 16.7 per cent. They advocate the use of moderate hj^pothermia, espe- 
ciall 5 ^ in poor risk patients, and attempt to avoid occlusion of the aorta for 
periods in excess of one hour. 

Our patient, then, is the second reported case of aneurysm of the aortic 
arch due to closed trauma, associated with a fracture of a first rib,®® and the 
third in Avhich fracture of any rib is reported.^® The 2 patients Avith fractured 
sterna as well as that of WeiseB® Avith fracture of the left claAoele, hoAV- 
ever AA^ould seem to refiect similar etiological factors. It is possible, of course, 
that* in other reported cases rib fracture was overlooked, or not mentioned, 
though actually present. 

From the feAV available reports of surgeons A\dio have had the opportunity 
to treat such lesions, it appears obAuous that the aneurysm, if saccular in type. 
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should, if possible, be resected tangcntiallj' and the resulting defect repaired 
with preservation of aortic continuity during the procedure. Fusiform aneu¬ 
rysms, or those involving one half or more of the aorta’s cireumferenoes, should 
ideally he resected and replaced by homologous, or other, graft material, with 
or without the employment of a shunt, depending upon the condition of the 
patient, characteristics and location of the aneurysm, and individual experience 
of the surgeon. In instances wherein suitable graft material is not available, and 
the aneurysm docs not lend itself to tangential resection, wrapping with reac¬ 
tive polyethylene, as described here, would seem to be a safe procedure, offering 
considerable benefit to the patient. No case of niptnre following such a pro¬ 
cedure has been reported to our knowledge. In case of progression in size of 
the aneurysm, or should symptoms warrant, a more extensive attack may bo 
considered at a later date. 

SUMMARY AND CONCLD.SIONS 

The records of all patients admitted to a large A’^eterans Administration 
Hospital with the diagnosis of fractured ribs were reviewed. Seventeen pa¬ 
tients, 10 per cent, had fracture of a first rib. Witli the exception of 1 patient, 
all of these were produced by closed chest trauma, in most instances by sudden 
deceleration in an automobile accident in which the chest sharply struck the 
steering wheel. 

Complications occurring in the latter series included two grave lesions in¬ 
volving structures within the mediastinum, one an esophageal diverticulum with 
tracheoesophageal fistula, diagnosed six months after injury, the other a fusi¬ 
form aneurysm of the aortic arch, diagnosed more than two years after injury. 
The former lesion was treated by division and repair, the latter by wrapping 
with reactive polyethylene, both with good postoperative result. 

Other complications in eases of fii-st rib fracture included injury to braohial 
plexus and stellate ganglion, and an unusual obstruction of both subclavian 
veins from the pressure of excessive callus about healing bilateral fractures. 
Remaining complications in this group, and all of those in the series of frac¬ 
ture of ribs other than the first (except one instance of brachial ple.xus injur.y 
in a patient with fractures of second rib and clavicle), were the common sequelae 
of pleural puncture by the rib fragments. 

The world literature pertinent to first rib fracture, traumatic tracheo¬ 
esophageal fistula, and ti'aumatie aneurysm of the thoracic aoita, has been re¬ 
viewed. 

On the basis of this suiwey, the following conclusions seem to be in order; 

1. Trauma, sufficient to produce fracture of a first rib by indirect force, 
is capable of effecting injury to mediastinal soft parts. 

2. Lesions of lesser magnitude than complete disruption of tracheobronchial 
tree or great vessel may be considerably delayed in development or in producing 
diagnostic symptoms or signs, 

3. In dealing with closed thoracic injuries, especially those produced by 
high speed automotive accidents, one is obligated to search carefully for evi¬ 
dence of first rib fracture, which may be easily overlooked before callus forma¬ 
tion begins. 
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left subclavian artery as a result of an automobile accident in which she suf¬ 
fered fracture of the third ribs bilaterally, and the body of the first lumbar 
A^ertebra. The aneurysm Avas Avrapped with reactive cellophane nine months 
folloAving injury. Symptoms recurred one year postoperatively, accompanied 
by clinical and x-ray evidence of enlargement of the aortic shadoAv. The lesion 
Avas excised tangentially fifteen months foUoAving the first procedure, tAVo years 
folloAving injury, Avith good result. 

Resection of traumatic aneurysms of the aortic arch and replacement by 
homografts have been successfully accomplished on tAvo occasions. Stranahan, 
Alley, ScAvell, and KauseR® report the case of a 25-year-old Negro man Avith 
a “classical traumatic aneurysm of the descending aorta” discovered by routine 
x-ray fiA'^e years folloAving an automobile accident of the steering Avheel type. 
Multiple fractures of the skull and extremities, and contusions of chest and 
abdomen had occurred, though po fractures of rib, sternum, or clavicle Av^ere 
found. 

Being unable to excise the aneurysm tangentially, which arose just beloAv the 
left subclavian artery and encircled three-fourths of the aorta’s circumference, 
Stranahan and his team excluded the distal aortic arch by means of an in¬ 
geniously devised shunt of Tygqn, polyethylene, and silicone glass, Avhich de¬ 
livered blood from the subclavian artery into tlie aorta distal to the aneurysm. 
The aortic segment containing the aneurysm Avas resected, and replaced Avith 
an 8 cm. length of homologous freeze-dried aorta. On five-month folloAV-up 
the patient Avas doing Avell. These authors had previously employed a similar 
device in resecting a massive syphilitic aneurysm involving tJie entire thoracic 
aorta. In that instance, hoAvever, the shunt was somcAAdiat more complex in that 
it delivered blood from the ascending aorta into both the innominate ar< 
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should, if possible, be resected tangentially and tlie resulting defect repaired 
with preservation of aortic continuity during the procedure. Fusiform aneu¬ 
rysms, or those involving one half or more of the aorta’.s ciroumferenccs, should 
ideallj' be resected and replaced by homologous, or other, graft material, with 
or without the employment of a shunt, depending upon the condition of the 
patient, eharaeteristies and location of the aneurysm, and individual experience 
of the surgeon. In instances wherein suitable graft material is not available, and 
the aneurysm does not lend itself to tangential resection, wrapping with reac¬ 
tive polyethylene, as described here, would seem to bo a safe procedure, oft'ering 
considerable benefit to the patient. No case of rupture following .such a pro¬ 
cedure has been reported to our knowledge. In ease of progres.sion in size of 
the aneurysm, or should symptoms warrant, a more extensive attack may be 
considered at a later date. 

SUMMARy AND CONCLUSIONS 

The records of all patients admitted to a lai’ge Veterans Administration 
Hospital with the diagnosis of fractured ribs were i-eviewcd. Seventeen pa¬ 
tients, 10 per cent, had fracture of a first rib. AVith the e.xeeption of 1 patient, 
all of these were produced by closed chest trauma, in most instances by sudden 
deceleration in an automobile accident in which the chest sharply stiaick the 
steering wheel. 

Complications occurring in the latter .series included two grave lesions in¬ 
volving structures within the mediastinum, one an esophageal diverticulum with 
tracheoesophageal fistula, diagnosed six months after injury, the other a fusi¬ 
form aneurysm of the aortic arch, diagnosed more than two years after injuiy. 
The former lesion was treated by division and repair, the latter by ivrapping 
with reactive polyethylene, both with good postoperative result. 

Other complications in cases of firet rib fracture included injury to brachial 
plexus and stellate ganglion, and an unusual obstruction of both subclavian 
veins from the pressure of excessive callus about healing bilateral fractures. 
Remaining complications in this group, and all of those in the series of frac¬ 
ture of ribs other than the first (except one instance of brachial plexus injury 
in a patient with fractures of second rib and clavicle), were the common sequelae 
of pleural puncture by the rib fragments. 

The world literature pertinent to first rib fracture, traumatic tracheo¬ 
esophageal fistula, and traumatic aneurysm of the thoracic aorta, has been re¬ 
viewed. 

On the basis of this survey, the following conclusions seem to be in order: 

1. Trauma, sufficient to produce fi'acture of a first rib by indirect force, 
is capable of effecting injury to mediastinal soft parts. 

2. Lesions of lesser magnitude than complete disruption of tracheobronchial 
tree or great vessel may be considerably delayed in development or in producing 
diagnostic sj'mptoms or signs. 

^ 3. In dealing with closed thoracic injuries, especially those produced by 

high speed automotive accidents, one is obligated to search carefully for evi¬ 
dence of first rib fracture, which may be easily overlooked before callus forma¬ 
tion begins. 
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4. Patients suffering such fractures, without early manifestations of medi¬ 
astinal lesion, must be thoroughlj^ examined at frequent intervals; for at least 
two years following injury. Each examination should include an x-ray of the 
chest. 

5. Widening of the superior mediastinal shadow in the vicinity of the aortic 
arch following chest injury should be considered a sign of possible incomplete 
rupture of the aorta, or other great vessel, from which aneurysm may develop. 


ADDENDUM 

Since submission of the manuscript, an additional pertinent case has been treated at 
the Hospital of The University of Mississippi. This case will be reported in detail else¬ 
where,* but may be briefly described here. 

The patient (B. W.), an IS-year-old Negro girl, was transferred from another hospital 
on Oct. 12, 1955, four weeks following an automobile accident. On admission she was 
found to have fractures of hotU first rihs, left clavicle, right radius, and right femur. The 
left lung was completely atelectatic. Bronchoscopy revealed complete occlusion of the 
left main-stem bronchus, 3 cm. beyond the carina. The patient had no respiratory distress 
and wms afebrile. A diagnosis of complete severance of the left bronchus was made. 
Operation was deferred because of associated orthopedic conditions. 

Left thoracotomy was performed on Dee. 7, 1955. The bronchus was found to be 
completely divided, and the ends separated. The bronchus was reanastomosed and the 
lung re-expanded. Two weeks after surger 3 ', the left lung was well expanded and there 
was a minimum of pleuritic reaction. 

Patient H. F. M. (No. 16, Table I) was seen on Mar. 22, 1956, fourteen months after 
the aortic aneurysm -was wrapped with reactive polj'ethj-lene. Chest x-ray on that date 
revealed no change in the aortic shadow compared with films taken six months and eleven 
months previously. He has remained asj'mptomatic and able to work. 
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COMPARATIVE STUDY OP POSTRESBCTION MORBIDITY IN CASES 
WITH AND WITHOUT PRERESECTION THORACOPLASTY 

John L. Shek, M.D./' and Raymond F. Corpe, M.D.*'^ 

Rome, Ga. 

E XCISIONAL surgerj”- in the treatment of pulmonary tuberculosis has led to 
gratifying resultsJ'’' However, the method of obliteration of the pleural 
space folloAving resection is still controversial. Various ways of coping with 
the situation, such as temporary phrenic paralysis, pneumoperitoneum, post¬ 
resection thoracoplasty, concomitant thoracoplasty, extrapleural plombage, extra¬ 
pleural pneumothorax, extraperiosteal plombage, pleurotent, etc., indicate the 
lack of uniformity in dealing with this problem. There are also some of the 
opinion that there is no need for any spaee-i'edueing procedure following resec¬ 
tion unless a definite pleural complication, in the form of a persistent bron¬ 
chopleural fistula and empyema, is present.® The controversy still exists today 
and each thoracic surgeon employs his own preferred method in handling the 
situation. 

The idea of a space-reducing, preresection thoracoplasty has some appeal. 
This paper is a report of a comparative study of the postoperative morbidity in 
135 consecutive pulmonary resections performed at the Battey State Hospital 
from August, 1950, to August, 1953. Resections performed because of thoraco¬ 
plasty failure, pneumonectomies, and lower lobectomies have been excluded. 
Seventy patients Avho had not had preresection thoracoplasty and 65 who had 
resections performed after a thoracoplast}’^, some three weeks before the resec¬ 
tion, were studied. 

The type of preresection thoracoplasty done in this series consists of the 
subperiosteal resection of the second and third ribs, posteriorly, from the level 
of the transverse process to, anteriorly, within the mid-clavicular line, or anterior 
axillarj^ line, depending upon the anticipated amount of space reduction neces¬ 
sary following the contemplated surgery. The undersurface of the first rib 
has also been stripped of the periosteum. 

The complications studied in the postoperative period and used for com¬ 
parison between the two groups are as follows: (a) difficulty in expectoration 
in the first forty-eight hours, necessitating repeated tracheal aspiration and/or 
bronchoscopic aspirations, (b) evidence of a small leak from the raw surface, 
as manifested clinically by delayed re-expansion of the remaining lung tissue 
as shown by x-raj^ blood-tinged sputum, and the necessity for prolonged under- 
Avater defiation, (c) poor re-expansion of the lung, necessitating thoracentesis 
or the reinsertion of an intrapleural catheter, (d) definite bronchopleural fistula 
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requiiing fuithci tlioiacopldSt\ ioi oblitciation, and (e) a dofinitc puiulent 
empjoma necessitating diainagc when thoiaeoplast\ tailed to coiroet the causa 
ti\e bronehopleiiral fistula 

Table I specifies the distiihiition oi cases in jegaid to the e\tent ot lesectioii 
and shows a inoic oi less conipaiable propoition in the two gioups 


Tabu I Hxtfnt of Resfction 



I VITJI PRERESECTION 

ITHOUT PPERESECTION 


1 TJIOPACOPl VST\ 

THOP\COPI AST\ 

Lobectomies 



begment'il c'lscs 

42 

iS 

lotnl number ot 

Go 

70 


Pioiii Table II it seems that patients who have picrestction thoiacoplastj 
have a lower incidence of complication than those without This will bo iiioio 
evident when the late is divided among vaiious tv pcs of complications (one case 
mav have more than one complication) Table II also shows that the mam 
diffeioiice in incidence of complication is m the patients in whom lohectoinj was 
perfoiined This will be elaboiated in Table III 


TADIB ir COVIPUCATIOSS 


1 

WITH rrtRFSFClION 1 

WITHOUT PFERFSCCTION 


THOI ACOri AST\ 1 

TirORAOOPLASTY 

Lobectomies 

8 


Scgmentiil cases 

10 

s 

Total number of 00*103 

18 

iO 


TABIiE III ISCIllbVCE OF VARIOUS TlPES OF CoMI LICATIOS S WITH ilESPECT TO 
I ATFAT 01 RlSECTIOS 



W ITII PI EPESECTION | 

TIIOKaCOFLASTl j 

WITJIOLT PRERFSECTION 
IHOrACOPf VST\ 

1 SEGJIENTAI/ j 

LOUAI 1 

TOTAL 1 

! SECMFNTAL ( 

LOBAR ( 

TOTVL 

1 

uiUicuItj in expectoration 

S 

7 

15 


6 

8 

]) 

Evidence of prolonged 








leak 

2 

3 

5 

4 

16 

20 

c 

Poor re expmsion of lung 

3 

2 

5 

5 

14 

19 

(1 

Bronchopleural fistula 

9 

1 

3 

0 


5 

e 

Empyema 

0 

1 

1 

0 

1 

1 


After studying Table III, the following points aic made evident (1) 
Theie was a highei peicentage of patients who had diffieult 3 in expectoration in 
the group that had preresectioii thoraeoplastv (2) The niaioi causes ot post 
opentiv e nioi biditv, as ev idenccd bj prolonged leah of air and poor re expansion 
ot the lung necessitating onlv minoi coircctive procedure is about I to I m 
iavoi of those with preiesection thoraeoplastv (3) Cases with pievioiislv per 
formed space ieducing tlioiaeoplastj are less liltely to result in bionehopleural 
fistula (d) The incidence of residual empjema, resulting tiom bionehopleural 
fistula, not amenable to postresection thoraeoplastv, is about e pnl in those with 
and without pieiescction thoiacoplastv Tins seems to indicate that the eollapso 
obtained is not as satisfactorv ni patients who have had a pieiesection thoi.ieo 
plastj as in the patients who have not and whose chest wall, lacking the rem 
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ribs, is more pliable. (5) Finallj'-, it seems that the difference in the incidence 
of complication is most marked in cases where lobectomy was performed (20 
against 5 and 19 against 5), in the '‘b” and “c,” categories, respectively. This, 
we believe, indicates that the ease of obliteration of plenral space is more sig¬ 
nificant in reducing such complications than the presence of the so-called raw 
surfaces at the segmental plane, as in segmental resections. 

DISCUSSION 

It is at once apparent that a preresection thoracoplasty calls for an addi¬ 
tional stage of operation and with it the inherent danger of anesthetic accident, 
cardiac arrest, prolonged hospitalization and expense, increased suffering, psychic 
trauma, transfusion reaction, etc. It might also be said that a thoracoplasty 
disturbs the ventilatory function on the side of the operation, if not also on the 
contralateral side, as well as diminishes the remaining respiratory function on 
tlie side on which the operation has been performed.®"^® However, on the 
assumption that the diaphragm is responsible for 70 per cent of the function 
of one lung and the intercostal musculature for the remaining 30 per cent, it 
appears that the disturbance of a two-rib resection is not lili;ely to be a great 
detriment to the respiratory function on that side. We feel that, although we 
have no objective findings as to the amount of reduction of the respiratory func¬ 
tion on the side of the operation by the type of preresection thoracoplasty we do, 
it should not be any more deleterious than allowing the diaphragm to over¬ 
elevate, thus attenuating its function, and overdistending the rest of the lung, 
as happens in eases where no preresection thoracoplasty is done. This is espe¬ 
cially believed to occur, should any pleural complications arise, as there is a 
greater likeliliood of delayed obliteration of the pleural space in the latter group. 

In eases where a postresection thoracoplasty is indicated, the disadvantage 
of additional operation and eliest-wall deformity in tlie group with preresection 
thoracoplasty therefore does not exist. Even in cases Avhich do not require 
postresection thoracoplasty, we believe, from tlie experiences presented in this 
paper, that the undesirable feature of an additional operation is, in most cases, 
balanced by the advantages in the postresection period. We also feel that this 
operation, in poor and questionable risk cases, provides an acute test as to the 
ability of the patient to undergo chest surgery. 

A point worthy of mention is the “reversibility” of such preresection 
thoracoplasty. It has been found that one is able to convert the relaxing and 
space-reducing type of thoracoplasty into a definitive Alexander type in the 
second stage, if, for various reasons, a resection is found to be contraindicated, 
during or after the preresection thoracoplasty. This revision and second-stage 
thoracoplasty, consisting of removal of the first rib and the transverse processes 
of the second and third thoracic vertebrae and the removal of additional ribs 
and processes as indicated, is found to be well tolerated, with no dangerous 
amount of paradoxical motion of the decostalized chest wall. 

As to the one-stage combined thoracoplasty and resection which was 
propounded bj" Iverson,” Samson,*- and Conklin,*--' there seems to be imanimous 
agreement that it is desirable in selected eases only. It is also the consensus 
that, in spite of the various advantages of this one-stage procedure, the post- 
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opeiative Iuolbldlt^ is dofinitch ineicascd Stead,” in Ins excellent aiticles, 
has coiielusi\e ciidenec to that cftcet Its usefulness, theiefoie, is limited 
Bjoik” faiois a eombinatioii of pulmoiian lesection and Ins osteoplastic tlioiaco 
plast\, M Inch is said to ob\ late the dicaded paiadoMcal motion of the docostalized 
chest wall We have had no e\peiieiiec nith that paiticnlai technninc 

Last, but not of least significance, ne feel that the pioicsettion thoiaeoplasti 
affords the diseased aiea of the lung an oppoituiiitj to undergo a peiiod of 
“selective collapse,” a dcsiiable condition which most of the phthisiologists m 
the dais of aitificial pnenmothoia\ stiovc to obtain This peiiod of time between 
the pieiesection thoiaeoplasty and actual resection also allows adjustment ot 
aeiodvnamies of the icmannng and compaiatnelj healtln lung AVe believe 
such featnies should lendei the resection a safei proceduie 


CONCLtlSIO'J 

Pioni the studj of two moic oi less comparable gioups of patients who 
have had pulmonarj lesoetion foi tiibeicnlosis, those with and those without 
picieseetion tlioiacoplastv, the data tend to show that the postoperative 
moibiditv IS foui times less iii patients who have had a prciesection iclaxing 
opeiation The various nioiits and disadvantages of tins piocediiic aie dis 
cussed Wo believe that, in selected cases, when a resection of lobar e\teiit 
and a space ieducing problem are anticipated, a lelaxnig thoiacoplastj done 
piioi to puliiionaiv lesection is of considoiablc value in lednoing the post 
opeiative mmbiditj 
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GIANT AIR CYST(S) AS A SEQUELA OF PULMONARY TUBERCULOSIS 

John L. Shek, M.D.,« Jerome A. Cope, and Gordon D. Myers, 

Rome, Ga. 

O UR attention lias been directed recently to a series of patients, in this 
1,800 bed hospital for piilnioiiary tuberculosis, who have in common a 
giant air-containing cystic space in the lung. These patients all had diagnoses 
of pulmonary tuberculosis and had been under treatment for different lengths 
of time. The air cysts in the lung fields found on x-ray could all be traced 
from areas of tuberculous infiltration in the series of films taken over the 
period of time while the patient was in the hospital. They represented the end 
result of continuous resolution and regression of the tuberculous process. 
They met all the criteria, roentgenologieally, to be diagnosed as giant bulla of 
the lung, or pneumatocele. Resections were performed on all these patients 
and the specimens were examined pathologically. To our added amazement, no 
histopathologic evidence of tuberculosis could be found in the sections. There¬ 
fore, it seems that, were it not for the fact that these eases represent the 
sequelae of treated pulmonary tuberculosis, one would have no way of dif¬ 
ferentiating these-cases from those of pneumatocele of other etiology. We be¬ 
lieve that it might be worth while to present our experience and findings 
in these cases. 

CASE reports 

Case 1.— L. S. F. (B.S.H.), an IS-year-old Negro girl, was admitted to this institution 
on Nov. 24, 1952, with a diagnosis of pulmonary tuberculosis, far advanced. In addition, 
tuberculous complications of lymphadenitis, adenitis, and bronchitis were present. X-ray at 
the time of admission showed extensive involvement of the left lung, with almost total destruc¬ 
tion, together with scattered disease in the right lung field (Fig. 1). On admission the patient 
was placed on streptomycin and para-aminosalicylic acid, which she received for approximately 
one year. In October, 1953, the patient was started on isoniazid and para-aminosalicylic acid, 
which she received up until the time of surgery. The sputum converted in October, 1953, and 
has remained negative since that time. The patient did remarkably well on the medical 
regime. The lesion in the right lung resolved nicely, but the patient progressed to the forma¬ 
tion of giant bullas and emphysema in the left lung. A bronchogram made in the preoperative 
period showed damage to the entire left bronchial tree. In view of the destroyed lung, with 
large pneumatoceles present (Fig. 2) the patient was accepted for surgical therapy. On 
Feb. 10 1955, a left pneumonectomy and concomitant thoracoplasty were done. The postopera¬ 
tive course was entirely uneventful and the patient was transferred back to the Medical 
Ser-vice in good condition, with no sjunptoms, sputum negative, and no respiratory embarrass¬ 
ment. The pathologic examination of the resected material showed complete destruction of the 
left lung, with giant, openly drained, air-containing spaces present in the resected lung. Direct 
smears and cultures of all upper lobe bronchi and corresponding parenchjunatous lesions were 
negative for acid-fast bacilli. The patient is now (Oct. 1, 1955) being prepared for discharge. 

Received for publication Oct. 21, 1955. 
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rig. 1. Fig. 2 


Case 2.—C. J. (B.S.H.), a 23-yoar-old Negro man, was admitted iFarch 2G, 1951, with 
a diagnosis of pulmonary tuberculosis, far advanced. On admission the patient "was 
started on pneumoperitoneum, uhicli was nmintained up until the tune of surgery. 
Streptomycin and para-aminosnlic}He acid uerc given for a total of eleven months after 
admission and then isoniazid and para anniiObnlicylic acid were instituted in March, 1952. 
In addition to this, streptomycin v\as again instituted in July, 1052. The sputum converted 
in March, 1952, and remained negative until the time of surgery. At the time of admission, 
roentgenographicallj’, the patient .showed an essentially clear right lung, with exudative 
inv’olvemont throughout the left lung (Fig. 3). Under treatment, the lesions in the left 



Fig 3. FJg. 4 . 


lung underwent considerable resolution, leaving behind numerous thin-u ailed, cvstic lesions 
throughout practically the entire left lung (Fig- •*)• A bronchogram made in October, 
1952, showed extensive bronchiectasis of the left upper lobe, ns well as tlie left loner lobe. 
In view of the extensive destruction, the patient was seen m surgical consultation and 
accepted for excisional surgery. On Jan. 15, 1954, a preresection thoracoplasty was done, 
with the removal of tlie second and thiid ribs and Usus of the first rib. On Feb. 3, 1954, 
the patient had a left upper lobectomy and removal of the superior segment of the left 
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lower lobe. The decision to save the basal segments of the lower lobe was made at the 
time of surgery, when it was felt they were essentially free of palpable disease and would 
represent a significant amount of functioning lung. The postopeiative course, however, was 
marred by persistent localized pneumothorax at the apex of the pleural cavity and on 
Feb. 24, 1954, a postresection tailoring thoracoplasty was done, with complete obliteration 
of the residual air space. The postoperative course, henceforth, nas entirely uneventful. 
The pathologic examination of the resected specimen showed a large, empt 3 ', upper lobe 
pneumatocele and saccular bronchiectasis, most marked in the lingula bronchus. All cul¬ 
tures of resected material were negative for acid-fast bacilli. The patient, being 
asj’mptomatic, was discharged Aug. 18, 1954, with a negative sputum. He nas to continue 
drug therapj^ at home and was on a limited exercise status. 



Fig. 5. 


Fig. G. 



Fig. 7. 
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Case 3.—^A. A. (B.S.H.), a 28-year*old Kegro woman, was admitted Feb. 9, 1953, with 
a diagnosis of pulmonary tuberculosis, far advanced; sputum positive. On admission the 
patient w'as given streptomycin, isoniazid, and pam-aminosalicylic acid for forty weeks and 
then started with isoniazid and para-aminosalicylic acid which she received up until the time 
of surgery. The last positive sputum W’as a culture in March, 1953. Since that time the 
sputum has remained negative. Roentgenographically, at the time of admission, the patient 
show’ed extensive pneumonic and cavifarj’ invohement of the riglit upper lung, with scattered 
disease in the lower portion of the right lung, as well as mid-lung Held spread with cavita¬ 
tion of the left lung (Fig. 5). The disease responded \cry nicely to the drug therapy, with 
complete resolution of the disease in tho left mid-lung Held. The right lung underwent 
a considerable amount of resolution, but with the development of a giant air-containing 
cjst in the upper right lung field (Fig. 6). In view of this finding, the patient w’as accepted 
for excisional surgery. On Nov. 4, 1954, a right upper lobectomy w as done. At the time 
of surgery, the giant air-containing cjst was seen to occupy the entire right upper lobe, 
with the right middle and right lower lobes presenting a satisfactory appeaiance. The 
postoperative course was e’?sentiall}* smooth. The pathology of the resected material re¬ 
vealed one large air-containing, c.'slHko structure, with moderate bronchiectasis and 
some atelectasis (Fig. 7). Cultures of the resected material failed to show a growth for 
acid fast bacilli. Tho patient was discharged home. Tho .sputum remains iiegati\e by 
smear and culture. 

Case 4.—M. H. (BS.II.), a 22-ycarold Negro woman, was readmitted to this institution 
on Dec. 8, 1952, with far-adianccd pulmonary tuberculosis, bilateral (Fig. 8). TJie previous 
admission Imd been in December, 1949, and during that time she was Iiospitnlizod approxi¬ 
mately twenty eight months, received pneumoperitoneum and a short couise of streptomycin 
and para aminosalicylic acid. Tlic sputum was positive at tho time of discharge. On tlio 
present admission tho S]»utum was positive on direct smear. In tho last admission the patient 
was treated with streptomycin, isoniazid, and para-aminosalicyhc ncid. She received app‘ro\i- 



Fig 8 Fig 9. 


mately twelve months of this therapy' and in January, 1954, she w 
para aminosalicylic acid, which she received up until the tun(i.oi 
verted in December, 1952, and 1ms remained negative s’ 
quite well to the medical regimen, the disease in the ** 
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tion and conti action and assuming a stabilized appearance. On the left side the disease 
progressed to destruction, with multiple giant cystic areas (Fig. 9). In view of the giant 
air-containing cysts remaining in the left lung, the patient was accepted for surgical therapy. 
On June 10, 1954, a left pneumonectomy witli concomitant thoracoplasty was done. The 
postoperative course was quite smooth, with no evidence of respiiatory embarrassment in the 
postoperative period. The patient was discharged April 29, 1955, with two-hour exercise and 
was entirely asymptomatic. The sputum remained negative. 

Case 5.—B. B. J. (B.S.H.), a 17-year-old white girl, was admitted Apiil 8, 1953, with 
a diagnosis of pulmonary tuberculosis, far advanced; sputum positive. Since admission the 
patient has received streptomycin and paia-aminosalicylic acid, as well as isoniazid for approxi¬ 
mately one year. The sputum converted in April, 1953, and remained negative up to the time of 
surgery. Eoentgenographically, at the time of admission, slie showed an essentially clear left 
lung. The right lung was occupied by exudative pneumonic involvement of the entire lung 
(Fig. 10). The disease lesponded nicely to drug therapy, with resolution of the exudative 
components. She was left with a residual, however, of numerous air-containing cystlike 
structures and the general appearance of the left lung was that of a completely destroyed 
left lung (Fig. 11). A bronehogram made May 5, 1954, showed total destruction of the left 
lung. In view of the destroyed lung, with bjonchiectasis, the patient was accepted for surgical 



Fig. 10. Fie- 11. 


excision. On Aug. 11, 1954, the patient had a left pneumonectomy and a concomitant thoraco¬ 
plasty. The postoperative course was entirely uneventful. Pathologic examination of the 
resected left lung shoued a large-grained upper lobe cyst with tubular and saccular bronchiec¬ 
tasis There were also small cavities in the posterobasal segments of the left lower lobe. 
Smears of the resected material were positive. However, cultures of this material were all 
negative. This patient is continuing to do quite well. Slie has been discharged to her home 
with sputum negative on smear and culture and is entirely asymptomatic nith no respiratory 

embarrassment. 

Case 6—D M. (B.S.H.), a 26-year-old Negro man, was admitted to this hospital April 
12 1954 with a' diagnosis of pulmonary tuberculosis, far advanced, and tuberculous com- 
ulication of right pleuritis. On admission the sputum was positive on direct smear. The 
chest x-ray on admission revealed, on the right side, a huge cavity in the upper half and 
soft scattered shadous of infiltration throughout the remaining portion of the right lung 
and’the whole of the left lung (Fig. 12). Soon after admission the patient nas given drug 
therapy which consisted of streptomycin and para-aminosalicylic acid, with amazing 
clinicM’improvement. The sputum converted to negative two months after admission and 
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hns remained negative. One 3 ear after roentgenograms showed a destroyed 

upper lobe on the right side, whicli was replaced by a giant pneumatocele, occupying almost 
two-thirds of the right pleural space (Fig. 13). A bronchograin revealed the middle and 
lower lobes to ho compressed toward the base of the pleural cavitj and the superior division 
of the lower lobo on the right side to be broncliiect.atie. On May 24, 1955, a right upper 
lobectomy and resection of the superior segment of the lo%\cr lobe were done, and a 
small wedge from the basilar division of the right lower lobe was reinovoi}, along irith a 
tailoring thoracoplasty. The postoperative coiirhc was essontialli, benign, eveept for the 
necessity of frequent tracheal aspirations, ns the patient was not able to expectorate 
secretions eiTectivcly. As of Sept. 1, 1055, this patient has been doing very well. He is 
now three and one-half months postoperative and, by \ ray, the remaining lung has com¬ 
pletely re-expanded. The sputum remains negative. The resected specimen revealed one 

















FJS: 12. Fig-. 13. 


large “healed’^ cavity of the right upper Jobe and several “healed” cavities of the superior 
division of the right loiver lobe, ^ith one active focus of residual fibrocaseous tuberculous 
disease and one minute focus of teaidunl tuberculous endobronchitis of the superior division. 
Direct smears and cultures of tlie resected specimens were negative for acid-fast bacilli. 

COMMENT 

The subject of etiology and classification of various type.s of air spaces 
m the lung has long been well discussed and the medical literature already 
shows an overabundance of such articles. It is not the purpose of this paper 
to confound this crowded matter of discussion further. Since 1952, Coolce and 
Blades^ have greatly clarified many aspects of this disease entity. It is now 
agreed that such an acquired form of air cysts of the lung develops as a result 
of the contraction of the surrounding tissue and the breakdou'n of the inter¬ 
alveolar septa and the coalescence and distention of the bulla. This mode 
of formation seems to be quite applicable to tlie air cysts in this particular 
series. This paper is an attempt to call attoiition to the fact that such patliol- 
ogy of the lung does occur as a sequela of ^‘healed’' cases 'lumonary 
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From summaries of tlie 6 cases presented, it is to be noted that no histo¬ 
pathologic evidence of tuberculosis could be recognized in the excised speci¬ 
mens. Since 3 of the 6 patients had pneumonectomies, this lack of any residual 
tuberculosis deserves special consideration. Although it is understood that the 
modern antituberculosis measures and di'ugs can and do resolve a tuberculosis 
process in the lung, the completeness of the resolution is perhaps not quite 
appreciated. We are quite aware of the fact, however, that this is the excep¬ 
tion rather than the rule. 

Numerous eases which have not been included in this series, and which 
present more or less similar x-rays, are found after resection to be residual 
tuberculous cavity with active granulation tissue. They are not included in 
this series as their appearance does not exactly resemble that of the average 
giant cyst or cystic disease of the lung. Nevertheless, they are all thin-walled 
areas of increased radiotranslucene 3 '^ with no peripheral infiltration. As yet, 
we have not been able to discern anj^ i-oentgenologic points of differentiation 
between the two groups. 

Another point of interest lies in the question of desirability, if not of 
necessity, of antitubereulosis drug therapy in these patients in the postopera¬ 
tive period, particularly in those patients who have had pneumonectomies and 
who show no evidence of tuberculosis in the entire lung. The question of 
necessary hospitalization also deserves to be seriously considered. Believing 
that tuberculosis is a systemic disease, it is our practice to treat such patients 
as any other tuberculosis patient who has had a resection. We do not believe, 
however, that this question is settled. 

Our comment would not be complete if the question of the existence of 
"healed” tuberculous caAdty is not brought out. The finding of a giant air 
cyst connecting directly to a lobar bronchus at the site of a previous caAuty 
cannot be disregarded. Is it not possible that the contraction of surrounding 
tissue and distention of the original tuberculous caAuty, which has been "steril¬ 
ized” and "endothelized” by the antituberculosis drug, could happen hand in 
hand Avith the formation of some of these air cysts of the lung in a previously 
tuberculous patient? 

SUJIMARY 

Six cases of giant air cysts of the lung in patients Avith preAuously proved 
pulmonary tuberculosis have been presented. The question of the pathogenesis 
of such lesions in Avhich microscopic studj' shoAvs no histopathologic CAudence of 
tuberculosis has been raised. 
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LEFT CERVICAL, RIGHT THORACIC APPROACH FOR RESECTING 
CARCINOJIA OF THE UPPER ESOPHAGUS 

ImjNG M Ariel, ME, 

New York, N Y 

N UJMEROUS methods ha\c been debased for resecting the nppei thud of 
the esophagus since this iias first succcssfidlj’ pcifoiiiied by Gailock in 
1937 The larious modifications hare been etloits to obtain either bettei 
evposiiie to facilitate the lesection of the cancel-beaiiiig esophagus, oi to 
effect a reconstiuction of the continuitj of tlic food-beaiing tube Among the 
lattei hare been the utilization of intia abdominal oigans (stomach jejiiiinni, 
colon) tiansposed to the thoiaeie legion and anastomosed eithei high in the 
thoia\ 01 in the neck Each of the desciibed pioeednics has ceitain adian 
tcigcs and limitations The utilization of a left conical incision, ivhich takes 
adiantage of the normal deintion of the esophagus to the left side of the 
neck, combined uith a light thoiacic incision, nhich aioids the difficulties in 
heieiit in dissecting about the aich of the aoita, has affoided the leads le 
section of a laige segment of the esophagus The techniques of this appioach 
and the method of lecoiistruotioii shall be dtscubed in detail 

The patient was a 57)eai old white woman uho pieseiited a histoij of 
djsphcigia of seieii months’ duiation One jcai pieiioiisl} she had consulted 
a local medical doetoi who diagnosed a gastiic ulcei and tieated her with 
diet Seieii months befoio, she had deicloped djsphagn Mhieh had been 
piogiessii e An esophagi am leiealcd an extensile obstiiiction iihich extended 
fioni the lei el of the phaijmx inferiorly foi a distance of oiei 8 cm Theie 
had been a loss of 20 pounds during the piccediiig jeai, eiiatic bouts of feiei 
of uiikiioiin etiology, and repeated “sore thioats ’’ 

The past histoij of this patient iias significant in that she had had a 
caieinoma of the thyioid lenioved tliiitj eight jcais pieiioiislj and had been 
giieu large doses of x lay postopeiatiiely 

Phjsical examination iias not lemaikablc, and the patient iias found to 
be ill a ratliei good state of niitiitioii despite disphagia of almost a leai’s diiia 
tion The neck piesented eiideiiee of ladiation fibiosis, the lesiilt of picnoiis x 
laj theiapi The lemaindci of the phjsical examination iias negatiic 

Laboiatory studies iiere noimal Blood count iias iiithm noimal lange 
hemoglobin 84 pei cent, led blood count 4 3 iiiillion pei cubic millimetei, iihitc 
blood count 6,300 per cubic millimetci Tests of liver function leiealed 
phoius 3 6 mg pei cent, alkaline phosphatase 31 S J R units biliru’ 

From the Pack lUedlcal Group York NX 

Hcceitcd for publication Oct 21 1955 ' 
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mg. per cent, eephaliii flocculation 1+, thymol turbidity less than 5 units, total 
protein 6.5 Gm. per cent, albumin 3.2 6m. per cent, globulin 3.1 Gm. per cent, 
choline esterase 0.55 units. 

An esophagoscopy revealed almost complete esophageal obstruction and 
a biopsy was positive for papillary carcinoma. Accordingly, on June 11, 1954, 
the resection of the esophagus and repair of the ensuing defect was accom¬ 
plished in the following manner. 











sr. 



Fig- 1.- 


An P^^oDha'Tam which reveals a linear obstruction of the cervical and upper thoracic 
-An esopnasram c jue to a carcinoma. 


OPEKATn'E TECHNIQUE® 

\ left cervical incision was made along the medial border of the left sterno¬ 
cleidomastoid muscle extending from the angle of the mandible to the sternal 

^he operation was performed in conjunction with Dr. James Baldwin. 
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notch, at which point a horizontal component of the incision was made extending 
laterally toward the left. The skin and snhcutaneons tissue which was markedly 
atrophic and fibrotic, the result of previous irradiation, was retracted and the 
sternomastoid muscle resected. The elaidcle, which was found to be softened 
and friable (the result of previous irradiation), was mobilized and the medial 
third resected. The sternohyoid and omohyoid muscles were then severed, and 
the remaining strap muscles of the neck reti-acted laterally. This gave 
excellent exposure of the entire cervical esophagus which was easily mobilized 
(Pig. 3). The tumor, which was in the lumen of the esophagus, could be felt 
infiltrating the musculature, but it was definitely limited to the esophagus and 
had not infiltrated the contiguous structures. The proximal portion of the 
esophagus at the level of the esophageal-pharjmgeal jiuietion was severed, 
a square of gutta pereha was then tied about the distal stump of the 



esophagus by a long hea^-y silk thread whieh was then placed through the 
sternal region into the right intrathoraeic cavity. The distal esophageal stump 
containing the giitta pereha protective covering Avas then bent on itself and 
delivered'"into the mediastinum. The proximal pharyngeal stump Avas left 
open (Fig. 4) • The AA’Ound was then packed Avith moist saline sponges and tem¬ 
porarily closed AA-ith hDcliel skin clips. It was covered AAuth a moist tOAvel and the 
patient Avas then turned to the left side and placed in a position for a right 

thoracotomy. 

Thoracic Foriion of the Resection—An anterolateral incision Avas made in 
the rio-ht chest wall, in an inframammary position. The fifth rib was exposed 
and removed. This permitted exposure of the right chest caAutA’. There were a 
few adhesions of the lung to the surrounding chest caA-ity, which were freed. 
The azA'^^os vein was diA'ided, and the esophagus was readily mobilized (Fig. o). 
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By gentle traction of the silk thread which had been delivered into the medias¬ 
tinum during the cervical portion of this operation, the distal severed portion 
of the esophagus was delivered into the right thoracic cavity (Fig. 6). After 
the esophagus was eompleteb’ mobilized, it was transected at a level about 10 
cm. distal to the pharjTigeal-csophageal junction. 



Fig. 6.—The thoracic phase of tlie csophaffoctomy. A, The anterolateral thoracic incision 
extending In the inframammary fold. The fifth rib was excised. J3, Tlic esophagus is mobilized 
and the string Inserted from the cervical region Is visualized. 



Fig. C. Traction on the silk suture delivered the transected esophagus into the chest cavity. 





106 


AEIBL 


J Thoracic Surg 
Julj, 1956 


notch, at wliieh point a horizontal component of the incision Avas made extending 
laterally toward the left. The skin and subcutaneous tissue Avhich was markedly 
atrophic and fibrotic, the result of pi’eAuous irradiation, Avas retracted and the 
sternomastoid muscle resected. The claAdcle, Avhieh Avas found to be softened 
and friable (the result of preAious iiTadiation), aa^s mobilized and the medial 
third resected. The sternohyoid and omohyoid muscles Avere then scA’-ered, and 
the remaining strap muscles of the neck retracted laterally. This gaA'e 
excellent exposure of the entire cerA'ieal esophagus Avhich Avas easily mobilized 
(Pig. 3). The tumor, AA'hich was in the lumen of the esophagus, could be felt 
infiltrating the musculature, but it Avas definitely limited to the esophagus and 
had not infiltrated the contiguous structures. The proximal portion of the 
esophagus at the IcA’^el of the esophageal-pharyngeal junction Avas scA^ered. 
a square of gutta percha AAms then tied about the distal stumj) of the 



T^.p- 4 _The esonliaeus has been transected at the pharyngo-esophageal junction A 
square & gutta percha has been tied about the distal stump of the severed esophagus and 
the silk string delivered into the right chest 


esophagus by a long heatT silk thread AA^hich Avas then placed through the 
sternal region into the right intrathoracic cavity. The distal esophageal stump 
containing the gutta percha protective coAmring Avas then bent on itself and 
delivered^into the mediastinum. The proximal pharyngeal stump Avas left 
open (Fig. 4) • The Avound Avas then packed AAdth moist saline sponges and tem¬ 
porarily closed Avith Blichel skin clips. It Avas covered Avith a moist towel and the 
patient Avas then turned to the left side and placed in a position for a right 
thoracotomy. 

Thoracic Portion of the Resection— An anterolateral incision AA’as made in 
the right chest wall, in an inframammary position. The fifth rib Avas exposed 
and removed. This permitted exposure of the right chest cavity. There were a 
few adhesions of tlie lung to the surroiuiding chest cavity, which were freed. 
The azygos vein Avas divided, and the esophagus Avas readily mobilized (Pig. 5). 
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Bj gentle tiaotion of tlio silk tin cad which had been dehvcied into the medias 
tmum during the ceiiical poition of this opei'atioti, the distal sescicd poitioii 
ot the esophagus was dcJiicied into the light thoiacic caiiti (Fig G) Aftei 
the esophagus was conipletch mobili/ed, it was tiansecfed at a leicl about 10 
cm distal to the phaiingcal esophageal junction 



Fig 5—The thoracic phase of the esoplmgeetoms The anterolateral thorarlc Incision 
extending In the infranmmnmr} fold The llfth rib na*' excised i?. The esophagus Is mobil z 1 
and the string inserted from the ccrvJcnl region I*. \IsunllzcJ 



on the silk suture delUercd the transected esophagus 


Fig G —Traction 


into the chest cavltj 
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Fig- 7.—The reconstruction of the cervical thoracic esopliagectoniy. A, A split-thicl 
ness sKm graft has been molded about a Berman-type polyethylene tube and the skin gra 
is being' anastomosed to the distal esophagus. -B, The thoracic anastomosis has been complete 
and the reconstructed esophagus is being delivered into the natural esophageal bed in ti 
cervical region. 



pig- s A. The cervical repair of the reconstructed esophagus. The skin graf 

has been sutured to the pharyngeal stump. B, A diagrammatic representation of a recon 
structed esophagus. 
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Uepiiir of Ihr ICnsuiuff DcferA .—The rosiiltinfr detect was closed by utilizing 
a BoiTnim-tyi)e j)o]yothylpiic tulic, abont whieii was plaecd a split-thickness skin 
Kraft taken from tlie patient’s lower abdomen. A flat piece of skin was molded 
aliout the t)olypth.vIene tube, and the polyeth.vlene tube was then in.serted into 
the distal esophagns, but in no way anehored there. Tlio split-thicicness .skin 
Kraft was .sntnrcd by interrni)ted .silk .sutures to the distal .stump of the esopha¬ 
gus (Fig. 7, ^1). ]''ollowing this anastomosis, the skin-eovered polyethylene tube 
was plaecd into the nainrid bed of the esophagus and delivered into the cervical 
region (Fig. 7, B). The eliesl wound was then closed in the normal manner, the 
patient was plaecd in the sui>ine iiosition ami the cervical wound wa^ then 
reopened. The polyethylene tube was then anchored to the idiarynx by two in¬ 
terrupted .silk sutures, after which the phnryn?cal .skin graft anastomosis wa.s 
made, again utilizing intorru])ted A'o. 4-0 .silk siUnre.s. The neck wound was 
elosed. A drain was left in the iieek wound, and under-water drainage was 
estalilislied for the right tlioracic cavity (Fig. S). 

The patient tolerated tlic in’oecdui'c well, there was a minimum of blood 
loss, and a 500 e.c. tramsfusiou was given during this operation which lasted 
approximately two hours. 

POSTOITItATIVB COUIt.SE 

Fostoperatively there was evidenee of leakage from both anastomotic 
sitc.s. There developed a i)haryngeal-ecr\ leal fistula with free drainage of 
mueus and, 011 efforts to .swallow, fluhls j)re.sented in the loft ncek re¬ 
gion. In addition, there was copious diminago of scrosanguineous material 
from the right chest. 'J'lii.s |)cr.sistcd for ajipro.ximately two -weeks, during 
which time the patient teas maintained exclusively on intravenous feedings, 
klectrolyte alniormalities developed and were eorrected. A gastrostomy was 
performed three weeks postoperativel.v for feeding purposes, which functioned 
•''atisfactovily, and the patient was discharged from the ho.spital on July 18, 
1954. 

She then dcvelojied an empyema necessitatis due to drainage mateiial 
wliieh formed a pathwmy from the left cervical region, through the posterior 
'aediastinum, and thence out through the right chest. The patient was re¬ 
admitted to the hospital Ang. 5, 1954, and drainage was instituted which cured 
this complication. She then developed dysphagia and a dilatation of the 
rervieal esophagus was performed on Dee. 21, 1954. She has remained free 
af evidence of eaneei-. She now .snffei's dysphagia 011 efforts to swallow 
Solid food and a recent osophagoscopy has revealed some stenosis at the 
anastomotic level. The left vocal eord is jiaralyzed due to severance of the 
left reeiUTcnt laryngeal nerve. 

_ The resected specimen eon.sisted of a large, polypoid ulcerated tumor 
which measured over 0 cm, in its large.st diameter and encircled approximately 
five-sixths of the wall of the esophagus. The tumor invaded sidnmicosn and 
muscularis. Histologically, the tumor was an epidermoid carcinoma, deeply 
invading the muscularis. 
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The tissue I'eiiioved from the posterior uiediastiiiuiii was examined foi’ 
presence of metastases from this carcinoma and, although over 15 lymph nodes 
Avere removed in this dissection, none Avas found to contain metastases. 

DISCUSSION 

This successful I’esection of a rather extensiA'’e cancer of the esophagus 
demonstrates the feasibility of taking adA'antage of the normal anatomy of 
the esophagus to obtain excellent exposure through a double incision. The 
one in the left eeiwical region takes advantage of the tendency of the normal 



Pie. 9 _The patient one year after operation showing good nutritipnal status. The 

scar in tiie clavicular, upper mediastinal region is the site of previous irradiation, the scar of 
the lower abdomen is the site where the skin was removed for reconstruction of tlie esophagus. 


esophagus to suing toAvard the left in the neck and affords excellent exposure 
for morAilization and dissection of the esophagus in this region. The technique 
of tying gutta percha around the distal stump of the esophagus and inverting 
the esophagus into the right chest is similar to the procedure utilized in the 
abdominoperineal resection of rectal cancer, Avhere the abdominal phase of 
the operation is concluded by turning the resected bowel on itself and de¬ 
livering- it into the pelvis for removal by means of the perineal approach. The 
techniJie has been found to be simple, and in the case herein reported the 
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The tissue removed from the posterior mediastinum was examined for 
presence of inetastases from this carcinoma and. although over 15 lymph nodes 
were removed in this dissection, none was found to contain metastases. 


DISCUSSION 

This successful resection of a rather extensive cancer of the esophagus 
demonstrates the feasibilitj’- of taking adAmntage of the normal anatomy of 
the esophagus to obtain excellent exposure through a double incision. The 
one in the left cervical region takes advantage of the tendency of the normal 
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thflower lbdomen fs the Site where the skm was removed for reconstruction of the esophagus. 


esODhaons to siring toward the left in the neck and affords exeellent exposure 
for mobilisation and disseetion of the esophagns in this region. The technique 
of tvino gntta percha around the distal stump of the esophagus and ini-ertmg 
the eso”phagus into the right chest is similar to the procedure utilised in the 
abdominoperineal resection of rectal cancer, where the abdomina pha.se of 
ihe operation is concluded by turning the resected bowel on itself and de- 

-n • + +1 o ivoUnc for removal by means of the perineal approach. The 

S ht Se?Cd1o'rsiinpJ, and in the case herein reported the 
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esophagus was delivered into the chest and mobilized with great ease. The 
utilization of the right chest offers the usual freedom for manipulation of the 
esophagus without interference from the ai'ch of the aorta. It was found most 
satisfactory in the case herein reported, and the esophagus was mobilized and 
resected with ease. 

The reconstruction of the esophageal defect always poses a problem, and 
the technique just described was chosen because of fear of bringing intra- 
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remained in place and recent roentgenograms have revealed that swallowed 
food goes both through the polyethylene tube and around it. Attempts to 
remove the polyethylene tube thi-ough the oral approach have been unsuccess¬ 
ful because of failure of visualization. The polyethylene tube has not been 
successful in preventing contracture of the cctndeal anastomosis. 

The medial portion of the left clavicle rvas removed in this instance be¬ 
cause it was so badly damaged by previous x-ray therapy. It is not recom¬ 
mended that it be removed routinely because the operation can be performed 
without any intervention into the clavicle. The postopez’ative leakage at the 
anastomotic sites was po.ssilily the result of the irradiation atrophy in the 
neck, but the case does demonstrate the well-known fact that healing will 
eventually occur if conservative measures arc utilized. 

The patient has remained well and apparently free of disease for almost 
two years after the initial resection. Because of a stricture at the sight of the 
superior anastomosis, an e.xploration of the j)harynx and the fabricated esopha- 
gn.s was performed on klay 1, 1!)56. No evidence of recuiTcnt neoplasia was 
encountered. The new esophagus, made of a split-thickness skin flap, appeared 
hc.althy, moi.st and, c.xcoiit for a .stricture at tlic site of the anastomo.si.s, was 
patent throughout. The plastic tube was inferior to the clavicle and could 
not be removed by the cervical approach. A plastic roj)air of the stricture was 
elTected. 


SUMJIARV 

1. A ease is reported of a carcinoma which involved a major segment of the 
esophagus. The possibility o.xists that this carcinoma could be the result of 
.x-ray therapy which the patient received thirty-oiglit years ago. 

2. The utilization of a left cervical approacli and a right thoracic approach 
pei-mittcd resection of the major portion of the esophagus with relative ease. 

3. The reconstruction of the defect by utilizing a split-thickness skin graft, 
supported b.v a polyethylene tube, and placed into tlie normal esophageal bed, 
was .successful. The skin graft lias apparently taken in its entiretj’. 

4. The patient had leakage from both i>ro.ximal and distal sites of anasto¬ 
moses, which healed .spontaneously. Drainage must be maintained for pro¬ 
longed periods. 

5. The patient, although apparently free of disease one year and nine 
months after resection, is suffering from contracture at the site of the cervical 
anastomosis which produces dysphagia. She is suffering from some dyspnea as 
a result of fibroses in the right chest, possibly secondary to the empyema 
necessitatis which developed subsequently to the first operation. 
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RHABDOJIYOSARCOMA OF THE ESOPHAGUS 
AVillia'\i E DeJIuth, Tr , D 
Carusle, Pa 

R habdomyosarcoma of the esophagus is an evtiemelj I^ie tumoi A 
search of the available bibliographic data has le^calecl only fom pie\i 
ously lepoited tiimois of this type m this location In 1950, Thoiek and Nei 
man® ie\ie\vcd the ^volld litciatinc and repoitcd the first such tumoi to be 
successfully icsected siiigicall}'- and the fouith to be lecoided in the hteiatuie 
Cl edit foi pievious lepoited eases was given to AVolfensbeigci/ CTlmshi,'’ and 
D^oiaV in that lepoit To the best of oui knowledge, the piesent lepoit is 
the second to lecoid a successful esophageal lesection foi ihabdomjosaicoma 

CASE REPORT 

T B, a 54jearolil Negro man, was admitted to tlie hospital on June 22, 1^55 He 
vas Kno^n to have ingested considorablo quantities of alcohol o^er inniu ^e'l^s Ho had 
been hospitalized eight weeks pre\iou«ib and s diagnosis of pneumonitis had been made 
Eesponse to antibiotic treatniont Mas prompt, and be Mns discharged free of complaints 
after two Meeks of hospitalization Approxinnteb one week later ho developel difficult} 
in shallowing solid foods The djsphagia advanced rapidl}, but ho was alwa}s able to 
lake liquids In the ensuing five weeks he lost approximateh 40 pounds His appetite 
was good, but onlj oecasionallj was he able to swallow soft food 

J2xaminati07i The examination was unremarkable His weight was 133 pounds 
There was evidence of marked weight loss The blood pressure was J28/70 Hg, pulse SO, 
and respirations 20 per minute There were no tcetJi in tlie upper jaw and those in the 
lower "jaw were verv poor No residual chest ahnornialities were noted, no adenopathv was 
apparent, and the hver was not palpable 

Laboratory Data Hemoglobin, 4G per cent, red blood count 2G imihon, vrhite bJooil 
count, 8,700 with a normal differential The serum protein was reported as 10 Gm per 
cent, serum globulin 7 2 Gm, and albumin 2 8 Gm per 100 c c of serum The urine was 
reported negative for Bence Jones protein TJic blood urea nitrogen was 0 mg per cent 
and the fasting blood sugar was 98 mg per cent The prothrombin time was normal 

An X raj studj of the esophagus revealed considerable esophageal dilatation above 
a markedl} irregular constriction situated just above the level of the diaphragm (Fig 1) 
Roentgenograms of the cliest were negative EsopUagoscopj was done and an irregular 
lesion was found which bled easilv and was visualized 35 cm from the maxillarv border 
Biopsy was performed and, upon microscopic examination, the pathologist reported a 
rhabdomj osarcoma 

A plastic nasal feeding tube was passed into the stomach with little difhcultj and a 
milk protein hjdrolvsate vitamin formula fed via the tube The dailj calorie intake was 
3,000 calories in approximately 3,000 cc of formula '\^ithin twelve da}a he had gained 
9 pounds and felt much more energetic 

Operation On July 7, 1955, thoracotomj was performed tlirough the bed of tlie 
resected left eighth nb The lower esophagus was easilj mobilized and found to contain 
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a tumor just above the level of the diaphragm (Fig. 2). The enlargement appeared fusi¬ 
form with a grossly intact musculature. Palpation revealed that a lesion lay within the 
lumen which slipped up and down about 1 inch and which had its attachment on the right 
anterolateral aspect of the esophagus. In the region of attachment, a thickening within 
the musculature of the esophagus was apparent on palpation. Because of the histologic 
appearance of the biopsy specimen taken previously, a resection was deemed advisable. 
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Tlie rliaphragm opened througli the dome, and palpation of the contents of the pen 
toneal cn\itj 3\as negntne e'icept for the presence of t'l^o small, firm, globular nodules 
lu the superior aspect of the right lobe of the liver Because of the approach, direct in 
spcction of these lesions •was not possible 'Whether the\ represented metastatic lesions 
remains to be determine] 

Ihc stomach ivas mobilised supG^lorl^ lij di\nhng gastrocolic omentum and left 
gastric arter% on greater and Ics-jcr curvatures, rcspectnel The stomach rvas then di 
Mded to include the upper one fourth in the resected specimen, closed on the lesser curva 
ture aspect, anl anastomosed to the tsophagiis at a level about -f cm above the lesion 
The diaphragm was lepaired, and tht che-st was drainel through a single tube placed pos 
terolateralh "Water seal diainnge was applicl The chest was closed 



Pjff J High power ptiotomicrograpb of lesion (X290 reclucel ’ 4 ) 


The Levin tube which had been place 1 into the gastne remnant was inadvertcntlj 
withdrawn when the endotracheal tube was remove! It was not replaced 

The patient wa-? aWowed fitids mouth on the sixth postoperative dav, and solid 
food was given on the ninth postoperative dav His convalescence was entireh uneventful, 
and lie was discharged on Juh 2^^ in55, the nineteenth postoperative dnv 

Patholoqy Tejort Gross specimen The specimen consisstcd of tlie lower end of tlie 
esophagus aud a small portion of tlie cardiac end of the stomach Approximatelj 7 cm 
of esophagus was included and tlie stomach measuied 3 cm along the lesser curvature 
Vttaclied to the portion of tlie csoiihagus and e\tending to within approximatch IS cm 
of the upper margin there was e>liiidrical mass measuring 10 4 cm in length and 4 7 
cm in diameter This was firm ^ncl fle«h'v The surface was mottled red and purple At 
one side there was an area of irregular fungating vcllowisli tissue which had extended 
through the capsule Areas showed some infiltration into the wall of the esophagus as 
well ns what appearel to be a fen small satellite nodules TJio mass was attached bj a 
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broad pedicle measuring approximately 5.5 by 3.5 cm. It caused a bulge in the outer 
surface of the esophagus but grossly did not extend through. Cross sections through the 
mass revealed a firm, yellow tumor which retracted from the cut surface. The tumor was 
fleshy in consistency and had a typical fish-flesh appearance. On sections through the 
posterior surface, it was seen to extend through the wall of the esophagus and to be covered 
onl 3 ' by a thin membrane. 

Microscopic; (Fig. 3.) Sections of the tumor mass showed the same bizarre appear¬ 
ance and the same grotesque histologj' as was seen in the biopsj\ Manj^ of the cells were 
elongated and straplihe with a tendency to be arranged in parallel groups. However, this 
tendencj' was not marked. In addition, there were numerous grotesque tumor giant cells. 
These typically had extremeh’^ large and hj-perchromatic nuclei which showed tremendous 
variation in size and shape. They were frequentlj' lobulated. Thej' showed coarse clump¬ 
ing of chromatin and tremendous karj-osomes. Manj' of the bizarre cells showed the abun¬ 
dant cytoplasm to be divided into parallel, fine beaded fibrils. There was superficial ulcera¬ 
tion of the tumor, and the tumor was seen to extend throughout the depth of the wall. 
The serosal covering mentioned previouslj' was imperfect. In addition, a verj- tinj- area 
of firmness that was found within the adjacent fat, was found to be a portion of the tumor. 
There was irregular invasion of adjacent fat. Phosphotungstic acid stains were prepared, 
but cross striations were not convincingly demonstrated. 

Diagnosis; Bhahdomyosareoma. 


DISCUSSION 

Explanation for the occurrence of a malignant striated muscle tumor in 
an area consisting of smooth muscle has been attempted by Thorek and Nei- 
man.® The presence of an embryonic rest or metaplasia were possibilities ad¬ 
vanced by these authors. Whether or not such an explanation need be ad¬ 
vanced in their case is questionable. The lesion described by them occurred 
in the mid-esophagus Avhere striated and smooth muscle cells are said to co¬ 
exist.^’ ^ In the case herein reported, such an explanation seems reasonable. 


SUMMARY 

A case of rhabdomyosarcoma of the esophagus resected surgically with 
survival of the patient is reported. We believe it to be the fifth such tumor 
recorded in the medical literature and the second to be successfullj^ resected. 


REFERENCES 

1 Dvorak, H. J.: Sarcoma of tlie Esopliagus, Arch. Surg. 22: 794, 1931. 

2, Glinski L. K.: Ueber Polypenformige Jlischgeschwulste des Oesophagus, Virchows 
Arch f. path. Anat. 167: 383, 1902. 

a Grav Anatomy of the Human Body, ed. 24, Philadelphia, 1942, Lea & Febiger, p. 1166. 

4. aia.xiinow, A. A., and Bloom, W.: Textbook of Histolog.v, ed. 3, Philadelphia, 1938, W. 

B. Saunders Companj', p. 379. „ i x m 

5. Thorek, P., and Neiman, B. H.: Rhabdom.yosarcoma of the Esophagus, J. Thoracic 

6 Wolfensberger,' E!:^^Ueber ein Ehabdomjmm der Speiserohre, Beitr. z. Path. u. z. allg. 
Path. 15: 490, 1895. 



POSTEROANTERIOE CHEST ROENTGENOGRAM IN TAVO TTPES OF 
ANOJL4EOUS PULMONARY VENOUS CONNECTION 
Andhe J. Brower, Cii.B.® 

Rochester, Mikn. 

I T HAS been said that conventional roentgenology contributes only about 
10 per cent toward the diagnosis of heart disease. No doubt, this figure is 
in many eases an overestimation. But, on the other hand, there are certain 
types of cardiovascular malformations in which routine methods of roent¬ 
genology can contribute about 100 per cent toward tlie anatomic diagnosis. 
Reference is specifically made, in this communication, to the two types of 
anomalous connection of the pulmonary veins that can bo diagnosed from the 
routine postoroanterior chest roentgenogram. These two types are: 

1. The type in which all of the blood of both lungs drains to the right 
superior vena cava by a partially persistent 'left superior vena cava or left 
vertical vein. This is the so-called figurc-of-eight type or “cottage-loaf”'’ 
type of total anomalous pulmonary venous connection. About SO cases of this 
condition have now been described in the literature,the majority in the 
last three years. 

2. The type in which part or all of the blood from the right lung drains 
into the inferior vena cava. Fewer cases of this typo have been described,’""' ’ 
probably owing partly to the fact that the roentgenogram is not as spectacular 
as that of the figure-of-eight type, and the abnormality is more easily over¬ 
looked. 

Several eases of each type arc described in this communication, the main 
reasons being to add these ea.scs to a not as yet overburdened literature, as 
well as to draw the attention of those not familiar with these lesions to a vei-y 
fascinating group of eases. The value of the posteroanterior roentgenogram 
is stressed in the diagnosis of these conditions, and the spectacular use to 
which tomography can be put in demonstrating the right anomalous pul¬ 
monary veins is illustrated. No attempt is made to discuss the interesting 
catheterization data provided by these eases. 

PIGURE-OP-EIGHT TYPE OP TOTAL ANOMALOUS PULMONARY 
VENOUS CONNECTION 

The term “anomalous pulmonary venous connection” is used to differenti¬ 
ate the state of affairs when pulmonary veins are normally connected with 
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the heart but dram abnormalhj (for example, preferential drainage of the 
right pulmonary veins to the right atrium through an atrial septal defect) 

The two diagrams in Fig. 1 illustrate the general anatomy of the venous 
anomaly in this type of ease. 



mwil- 



1.—Diagrams explaining (a) the roentgenographic appearance, and (6) circulatorj’ 
anatomy in the flgure-of-eight type of total anomalous pulmonary venous connection. 

It is obvious that if there is no atrial septal defect, the condition is in- 
ipatible with life for more than a short while. If an atrial septal defect 
•resent but not of sufficient size, life is in danger owing to the large burden 
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on the light -1011111010 In these cases the hing fields mil probably show 
maikecl ongoigeracnt, since the sjstenuc and most of the ptilmonaiy loiions 
blood Mill lecnoulate thiough the hings It the shunt tiom the iiglit to the left 
atiiuia IS laigc, thoie mil he an equitable sluiing of blood botivocn the tiio 
vcntiieles It is piobable that this is the situation in those patients who ha\ 0 
iclatnelj little diffieultj' Thcoietiealh then, the loss difficulty these patients 
hate, the nioio nounal should the pciipheial piilmoinrj laseulaiity appeal, 
while the moie tiouhle they haie, the moic cngoiged mil be the appearance of 
the lung fields 

Tlie loentgenologie finding pai esccUcnce in these cases is the figiiie of eight 
tonfigination of the eaidiac silhouette, as is cvplainod in Tig 1 riuoio 
scopieally, the nppci pait of this shadon, which is composed of the left and 
light supeiioi senae easae, will show a gentle pulsation, wheteas the pul 
monaiy' tiunk and its blanches in ly show consideiahle cvaggciation of puKa 
tion as coiiipaied to noimai 



I'iS 2—Case i Figure of cifTht tjpc of total anomalous pulmonary venous connection in a 
boy asecl 3 yeii^ Note the bilateral luedUstinil Mldening 

CiSE I—A bo^, 'ig’Ofl 3 jears, Ind suIFcred from '^bcait trouble since birt/i The 
child was blue for the first fe^ dajs, and after that the motlier noted blueness of his hands 
and feet when she gave him a bath In the newborn period, bilateral inguinal hernns 
developed, and a right herniorrhaphy was attemptel at 4 months of age The child was 
said to have ‘^passed out” on the operating table At this time a murmur was first note 1 
The child would fatigue easily and on sonie days was broathles-, dl the time He syuattcl 
frequently 

On evamination there was slight cyanosis of the hands and feet, and the cardiologist 
reported a moderate systolic murmur, maMmal in the midprecordial aiea, well heard toward 
the apex but not in the left subclavicular area 

A chest roentgenogram (Pig 2) showed a rounded slialow projecting on each side 
of the superior mediastinum, the appearance being suggestive of the figure of eight sign 
riuoroscopically, pulsations of pulmonarv vessels did not appear abnormal 
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the right and the left atrium, the lung fields on the roentgenogram would 
aijpear normal, that is, the pulmonary vessels would not appear engorged. If, 
however, there is some reason, such as, for instance, an atrial septal defect that 
is too small, or some other factor that causes a larger amount of blood to pass 
through the right side of the heart than through the left side, then one would 
expect pulmonary vascular engorgement. It is probable that in all such cases 
the condition will proceed eventually to pulmonary hypertension and increas¬ 
ing cyanosis. Furthermore, the greater the obstruction to an initial right-to- 
left flow at the atrial level (small atrial septal defect or patent foramen ovale), 
the bigger the patient’s proldem becomes, as the right side of the heart be¬ 
comes overloaded, the lungs tend to “drown,” and the systemic circulation is 
deprived of blood; in the extreme ease, in which no communication exists be¬ 
tween the atrial chambers, life is of course impossible. 

Case 4. —In 1951, a woman, aged 52 years, came to the Clinic because of backache, ab¬ 
dominal discomfort, burning on urination, and some frequency. Most of these complaints 
dated since a hysterectoinj- in 1950. She stated during the examination that she had been 
a blue baby, and that she suffered from dj-spnea on mild exertion. Her blood pressure was 
approximate!}' 90 mm. Hg systolic and 60 diastolic, the heart rate was 6S beats per minute 
and the rhythm was regular. It was noted that there was a harsh systolic murmur over 
the precordium. There were slight clubbing of the fingers and toes and cyanotic mottling 
of the hands and feet. The blood count showed secondary polycythemia, which was con¬ 
sidered to be due to a congenital heart condition. The electrocardiogram showed right 
axis deviation. A chest roentgenogram and fluoroscopy showed a bilateral upper medias¬ 
tinal widening, and there was thought to be some increased prominence of the pulmonary 
vascular markings. Pulsations of the pulmonary vessels were not considered to be ab¬ 
normal. The mediastinal shadow was noted to have a quiet expansile pulsation, and it 
was thought that the shadow might be that of a smoothlj' dilated aorta. 

In reviewing a group of films recently, my colleagues and I came across the chest 
roentgenograms of this patient (Pig. 5), and the probability of total anomalous pulmonary 
venous connection was suspected. Inquiries were therefore made about the patient and 
it was learned that she had undergone cardiac catheterization in 1953, at which time the 
essential findings were as follows; the superior vena cava was widened, with evidence of 
arterialization in it; the left side of the mediastinal shadow was found to be due to an 
anomalous vein (presumably the common pulmonary vein leading to the left innominate 
vein); there was marked pulmonary hypertension; identical systolic pressures were found 
in the pulmonary artery, right ventricle, and brachial artery. Although these findings 
were considered to be evidence for a ventricular septal defect, and although this may be 
the case, they ma)' also be the result of the marked pulmonary hypertension, the cyanosis 
occurring by a right-to-left shunt at the atrial level, an interatrial communication ap¬ 
parently being the more common finding in cases of total anomalous pulmonary venous 
connection. 

This patient returned to the Clinic in April, 1955. She was found to be severely dis¬ 
abled by fatigue and dyspnea. On exercise in the laboratory with an ear oximeter in 
place, the percentage oxygen saturations were found to be: 76 per cent at rest; 40 per 
cent after 2 minutes’ exercise on the treadmill, and 84 per cent after breathing 100 per 
cent oxygen for twelve minutes. 

However, she felt that her disability was not sufficient to justify further catheteriza¬ 
tion or surgical correction at this time, and she returned home. 
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1 It 6 —Ci«e 4 PosterointerJor roentffcnogram show mg typic'^l figure of eight con 
hgurntion of the cnnlioNascuIar slmdow in tlie t>pe of tot'll nnomnlous pulmonuj ^cnous 
connection under discussion Note 'xlso tlio pulmonarj \'iscul'ir engorgement 



bil. r—Case 6 The appearance of the cardloiascular shadow on this posteromter/or 
chest roentgenogram is characteristic of the figure of eight t> pc of total anomalous pul 
monary \enous connection Note also engorged pulniooar> arteries 
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the right and the left atriuin, the lung fields on the Toentgenogram would 
appear normal, that is, the pulmonary vessels would not appear engorged. If, 
however, there is some reason, such as, for instance, an atrial septal defect that 
is too small, or some other factor that causes a larger amount of blood to pass 
through the right side of the heart than through the left side, then one would 
expect pulmonary vascular engorgement. It is probable that in all such cases 
the condition will proceed eventuallj’- to pulmonary hypertension and increas¬ 
ing cyanosis. Furthermore, the greater tlie obstruction to an initial right-to- 
left flow at the atrial level (small atrial septal defect or patent foramen ovale), 
the bigger the patient’s problem becomes, as the right side of the heart be¬ 
comes overloaded, the lungs tend to “droAvn,” and the sjTstemic circulation is 
deprived of blood; in the extreme ea.se, in which no communication exists be¬ 
tween the ati'ial ehambe?-s, life is of course impossible. 

Case 4.—In 1951, a woman, aged 52 years, came to the Clinic because of backaclie, ab¬ 
dominal discomfort, burning on urination, and some frequene.v. Most of these complaints 
dated since a hysterectomy in 1950. She stated during the e.xamination that she had been 
a blue baby, and that she suffered from d 3 'spnea on mild exertion. Her blood pressure was 
approximately 90 mm. Hg S 3 -stolic and 60 diastolic, the heart rate was 6S beats per minute 
and the rhythm was regular. It was noted that there was a harsh sj'stolic murmur over 
the precordiura. There were slight clubbing of the lingers and toes and cj'anotic mottling 
of the hands and feet. The blood count showed secondary- pob'cj-themia, which was con¬ 
sidered to be due to a congenital heart condition. The electrocardiogram showed right 
axis deviation. A chest roentgenogram and fluoroscop.v showed a bilateral upper medias¬ 
tinal widening, and there was thought to he some increased prominence of the pulmonary 
vascular markings. Pulsations of the pulmonarj- vessels were not considered to be ab¬ 
normal. The mediastinal shadow was noted to have a quiet e.xpansile pulsation, and it 
was thought that the shadow might be that of a smoothly dilated aorta. 

In reviewing a group of films recentljq mj' colleagues and I came across the chest 
roentgenograms of this patient (Pig. 5), and the probability of total anomalous pulmonary 
venous connection was suspected. Inquiries were therefore made about the patient and 
it was learned that she had undergone cardiac catheterization in 1953, at which time the 
essential findings were as follows: the superior vena cava was widened, with evidence of 
arterialization in it; the left side of the mediastinal shadow was found to be due to an 
anomalous vein (presumablj- the common pulmonarj- vein leading to the left innominate 
vein); there was marked pulmonarj- hj-pertension; identical sj-stolic pressures were found 
in the pulmonarj- arterj-, right ventricle, and brachial arterj-. Although these findings 
were considered to be evidence for a ventricular septal defect, and although this may be 
the case, they may also be the result of the marked pulmonary hj-pertension, the cj-anosis 
occurring by a right-to-left shunt at the atrial level, an interatrial communication ap¬ 
parently being the more common finding in cases of total anomalous pulmonarj- venous 
connection. 

This patient returned to the Clinic in April, 1955. She was found to be sev'erelj- dis¬ 
abled by fatigue and dj-spnea. On exercise in the laboratorj- with an ear oximeter in 
place, the percentage oxj-gen saturations were found to be: 76 per cent at rest; 40 per 
cent after 2 minutes’ exercise on the treadmill, and 84 per cent after breathing 100 per 
cent oxj-gen for twelve minutes. 

However, she felt that her disabilitj- was not sufiicient to justifj- further catheteriza¬ 
tion or surgical correction at this time, and she returned home. 
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This patient returned to the Clinic in January, 1956, and underwent cardiac catheteriza¬ 
tion. The findings were typical for the figure-of-eight total anomalous pulmonary venous con¬ 
nection with an atrial septal defect and severe pulmonary hj'pertension. 

Comment .—This case is of interest in that the patient is by far the oldest 
living patient with this type of pulmonary venous anomaly to be described. 
In other respects her condition does not differ from that of the other patients 
whose eases are presented. 

Case 5.— A. man, aged 18 years, entered the Clinic on Dec. 8, 1947, for consultation re¬ 
garding a “tumor of the chest” which had been discovered when he tried to enlist in 
the Armj' two months previously. To his knowledge he had had no chest symptoms ex¬ 
cepting some hemoptysis during the last six months. One month prior to his visiting the 
Clinic there had been an episode suggesting right hemiparesis with dizziness and inability 
to recognize anyone for a few daj’S. He recovered completelj’ in a few -weeks and was 
feeling fine. A chest roentgenogram (Fig. 6) showed a bilateral superior mediastinal 
widening which on fluoroscop 3 ^ was thought to be vascular. The branches of the pulmonary 
arteries in the lung fields were exaggerated and showed vigorous pulsation. An angio¬ 
cardiogram was taken but the result was unsatisfactorj'. An electrocardiogram was inter¬ 
preted as showing right ventricular hj'-pertrophj-. Atrial septal defect was considered, 
and it was thought that the hemiplegia might have been the result of a paradoxical em¬ 
bolism. A sj’stolic murmur was heard in the third left interspace. 

Although the diagnosis of an atrial septal defect seemed certain, the question of 
whether the superior mediastinal shadow was solid or vascular was not j’et settled, and 
an explorator}' operation was resorted to on Jan. 6, 1948. In the anterior mediastinum 
a large, ovoid, blue “mass” was found. It extended upward to the subclavian vein ad¬ 
jacent to the subclavian arter}', overlaj- the arch of the aorta, and descended to the hilus 
of the lung anteriorl}-. It was tense and thin-walled, and blood could be seen swirling 
through it. Two vessels, apparently the two branches of the superior pulmonarj'- vein on 
the left, entered this large vascular lesion. The pulmonary arterj- was twice as large as 
usual but was in the normal location. 

The operation was terminated, and the patient recovered uneventfullj^ 

Comment .—It seems, in the light of more necent knowledge about anom¬ 
alous pulmonary venous return, that this patient almost certainl 3 ’' suffers from 
the “figure-of-eight” type of total anomalous venous eonnection. We have 
knowledge that this patient was still living in 1954, but do not know his clin¬ 
ical status. 

Sepulveda and associates have presented a case of this type with a some¬ 
what similar elinical picture: a woman, aged 42 .vears, who had at one time 
had roentgen treatment for a superior mediastinal “mass,” and who also had 
had an episode of hemiplegia at the age of 28 years. 

ANOJIALOUS RIGHT FULJIONARY ^rEIN 

When most or all of the right lung drains into the inferior vena cava close 
to the region where the latter enters the right atrium (Fig. T), various charac¬ 
teristic roentgenologic features may be seen to make one suspect the presence 
of this situation. 

1. The anomalous vein can frequently be distinguished close to the right 
cardiac border. Near the diaphragm it becomes a single trunk, having col¬ 
lected branches from as high as the apex of the right lung. Invariably this 
Amin can be beautifullj’’ demonstrated by tomographs. 
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2. Usually tlie heai’t will present prominently into the right hemithorax, 
and this is probably a reflection of an enlarged right atrium, this chamber re¬ 
ceiving considerably more blood than it normally does. However, in certain 
cases it has been showm that this venous anomaly is accompanied by hypogene- 
sis of the right lung, and in such eases it may be natural for the heart to be 
shifted to varying degrees into the right hemithorax. 

3. It is not known in what percentage of these eases there are atrial septal 
defects. Of those patients who have been eatheterized at the Mayo Clinic, one 
has had an atrial septal defect, while the other did not have the additional 
lesion. Judged by the appearance of the lung fields and the absence of clinical 
findings, it would seem that in the majority of eases there is not an atrial 
septal defect. 


V M' M 

V 



Pis’. 7. Diagram explaining the roentgen anatomy of the cases of anomalous venous connec¬ 
tion of the right lung. 

Case G. uoman^ aged 43 years, entered tlie Clinic because of a variety of com¬ 
plaints proliably unrelated to her cardiac defect. Attention was drawn to the circulatory 
abnormality because tJie routine thoracic roentgenogram showed that the lieart was pre¬ 
dominantly in the right Imlf of the thorax. The heart sounds were heard best to the right 
of the sternum; no murmurs were present. The physical e.xaniination otherwise showed no 
abnormal findings. 

The thoracic roentgenogram was interpreted as probably indicative of agenesis of a 
portion of the right lung, uitli a large aberrant vessel in the basal portion of tlie riglit lung 
(Fig. 8, a). The anomalous vessel is well seen on the tomogram (Fig. 8, h). The trachea 
was situated to the right of the midline. The electrocardiogram was considered normal 
except tJiat the precordial leads reflected the displaced position of the heart, with unusu¬ 
ally high R waves in leads talcen to the right of the sternum. At bronchoscopy it was 
noted that the patient had a very peculiar distribution of the bronchi of the right lung. 
It was first noted that the carina, instead of being in the anteroposterior direction, was 
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rotated clockwise so that the upper border was pointed at about 2 o’clock, while the lower 
was pointed in the neighborhood of 7 o’clock. The openings to the various branches of 
the right lower lobe were verj' wide and not in their normal position. The pictuie re¬ 
sembles that frequently seen associated with a bionchus going into a cystic area of the 
lung. The left side appeared perfectly normal. 



Fig- 8 —Case S. a, Po-'-teroanterior roentgenogram of a woman, aged 43 years, wlio has 
anomalous pulmonary drainage of the right lung to the inferior vena cava. Note the dis¬ 
placement of the heart into the right hemithorax; the anomalous vein can be detected through 
the heart sliadow. h, A tomogram of this case demonstrates the anomalous vein very well. 
c The tip of the cardiac catheter lies in the right pulmonary artery. An injection of Urokon 
sodium has been made, and the anomalous right pulmonary vein is beautifully demonstrated. 
d. Schematic representation demonstrating oxygen saturations found at various levels in the 
central circulation m Case G. 

A bronchogram was perfoimed and revealed the left lung to be well developed; all 
bronchial segments could be identified. On the right side the upper lobe bronchus was 
seen for a distance of 1.5 cm., where it abruptly terminated. It appeared to be of larger 
caliber than normal. All of the segmental bronchi of the right middle lobe and right lower 
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lobe could bo identified The right mim bronchus "was pulled upnurd and somewhat pos 
toriorh, and the right middle lobe appeared to supph the apci. of the right thorax Atelec 
tasis or agenc‘518 of the light upper lobe was diagnosed 

The main abnorranht\ on cardiac cathetenration ivas the high ox^geu saturation of 
blood in the inferior -vena ca\a at the diaphragmatic Ie\el Blood of low o^^gen saturition 
i\us obtained a\hen the catheter was ad\anced slighti} distalh in the inferior \enH ca\a 
■\\ith the catheter in the right mam puhnonarv artci> a 70 per cent solution of sodium 
acetrizoate (Urohon sodium) -r is injected into the arter\ , this medium rapidh outlined 
the anomalous nght pulmonarj \cin coursing toward the inferior \ena ca\a (Tig 8, <) 
A schematic representation of the centnl circulation in this patient illustrates the 
ox%gen saturation of samples of blood taken from \arious sites within the heart and great 
■vessels with the patient breathing room air (Fig S, d) The sjstenuc arterial oxjgen «atura 
tioii was 0(> per cent The catheter could not be passed into the anomalous right pulmonan 
\un The calculated recirculation was 30 per cent, expiesscd ns the percentage of pul 
monarv flow that returned to the right side of the Iicart from the right lung I his cor 
relates moderateh well with the size of the nglit lung, approMinatclj one half of which 
was absent, as judged b^ bronchographw 



I'jjT 9—Case 7 n Tlie streaky appearance of the vessels along- the rifeht border of 
the heart and the slight shift of the heart Into the right hemithorax suggest that further studj 
snoulu be clone to exclude an anomalous vein in the right bvse b The tomogram confirms 
the presence of a large momalous ve^^sel in the iloht base probablj an anomalous vein dram 
mg the right lung 

Gasf 7—A woman, aged 26 jears, came to the Clmic because of n question of prog 
nancj as well as the possibihtv of a congenital heart lesion A chtst roentgenogram 
(Fig 0, a) revealed possible anomalous aenous connection of the nght lung, and tomo 
grams (Fig 9, h) confirmed the suspicion of a large anomalous vessel draining toward the 
inferior vena cava The heart also projected more into the nght hemithorax than it nor 
mallj ■would, probablj as the result of enlargement of the right atrium, but possiblj ilso 
owing to hvpogenesis of the right lung Clinicall}, the right upper thorax was depressed 
and probablv somewhat smaller than the left \ cardiologist evaluated the patient's 
cardiologic status with respect to the possibility of temiination of pregnancy There was 
not enough evidence of cardiac disability to justifv such a measure, and the patient was 
advised to return after the birth of her child, for catheterization studies and possiblj for 
a corrective operation 
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rotated clockwise so that the upper border was pointed at about 2 o’clock, while the lower 
was pointed in the neighborhood of 7 o’clock. The openings to the ^aTlous branches of 
the right lower lobe were ver 3 ' wide and not in their normal position. The picture re¬ 
sembles that frequentlj' seen associated with a bionchus going into a cj-stic area of the 
lung. The left side appeared perfectlj- normal. 



j-jg- 8 —Case fi a, Po^tei oantenor roentgenogram of a n Oman, aged 43 years, n lio has 
anomalous pulmonary diainage of the light lung to the inferior ^ena caia Note the dis¬ 
placement of the heart into the right hemithorax, the anomalous i em can he detected through 
the heart shadon. h, A tomogram of this case demonstrates the anomalous \ein ^ery nell 
c The tip of the cardiac catheter lies m the right pulmonaiy artery. An injection of Urokon 
sodium has been made, and the anomalous right pulmonary \ein is beautifully demonstrated 
d. Schematic representation demonstrating oxygen saturations found at \arious le^els m the 
central circulation in Case G 


A broiicliogram was performed and retealed the left lung to be viell de^eloped; all 
bronchial segments could be identified. On the right side the upper lobe bronchus was 
seen for a distance of 1.5 cm., nhere it abnipth- terminated. It appeared to be of larger 
caliber than normal. All of the segmental bronchi of the right middle lobe and right lower 
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lo))e could bo identified Hie right niuin Inouchu'^ was pulled upward and somewhat pos 
tcriorh, and the right luiddle lobe appeared to supph the apex of the right thoras: Atelec 
tasis or ngeut‘'iK of the light u])per lobe was diagnosed 

The mam ubiiornialit\ on cardiac catheterization was the high owgcn saturation of 
blood in the inferior aena tn\tt at the diaphragmatic le\el Blood of low ov^goii saturation 
was obtained when the catheter was ad\anccd slightly distall> in the inferior %ena ca\a 
With the catheter m the right main pulmoiiar'v irtci^ a 70 per cent solution of solium 
acetnzoato (Urol on sodium) was injected into the a^tcr^ , this me hum rapidlj outlined 
the anomalous right pulnlonar^ \cin couising toward the inferior \cna ca\a (Fig S, c) 
schematic representation of the central circulation in this patient illustrates the 
oxigtn saturation of samples of blood taken from various sites within the heart an 1 great 
vessels with the patient breathing room air (Fig S, d) The svstonuc arterial owgen satuia 
tion was OG per cent The catheter could not be passed into the anomalous right pulmoiiurv 
vein The calculated recirculation was 30 per cent, evpiesscd as the percentage of pul 
monarv flow that returned to the right side of the heart from the right lung Tin*' cor 
relates moderntelj well with the si^e of the right lung, apprOMinatelj one half of which 
was absent, as judged bv bronchograpliv 



big 9—Case 7 n The streah> appearance of the vessels along the right border of 
slight shift of the heart into the right hemithorax. suggest that further study 
snouia he done to exclu le an anomalous vein in the light base b The tomogram confirms 
tie presence of a large anomalous vessel In the fight base probablv an anomalous vein Inin 
Ing the right lung 

Case 7—^A woman, aged JO jears, enmo to the Clmic because of a question of pug 
nanej as well as the possibilitv of a congenital heart lesion A chest loentgenogram 
(Fig D, a) revealed possible anomalous venous connection of the right lung and toino 
grams (Fig n, 7) confirniel the suspicion of a large anomalous vessel draining toward the 
inferior vena cava The heart also projected more into the right henuthorax than it nor 
nialh would, probablv as the result of enlargement of the right atrium, but possiblj also 
owing to hvpogenesis of the right lung Clinicallv, the right upper thorax vras depressed 
and probablv somewhat smaller than the left A cardiologist evaluated the patient’s 
cardiologic status with respect to the possibilitj of termination of pregnanev There was 
not enough evidence of cardiac disabihtv to justifv such a measure, and the patient w-as 
advised to return after the birth of her child, for catheterization studies and possibh for 
a corrective operation 
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Case 8. A. aged 11 years, was brought to the Clinic because of mental retarda- 
tion. The routine chest roentgenogram was suggestive of an anomalous vessel in the right 
lung (Fig. 10, a). Tomograms confirmed this impression (Fig. 10, h) and suggested that the 
vessel drained toward the inferior vena cava. This patient had not had any pulmonary 
symptoms, and the caidiologist could not obtain any evidence of cardiac disability. 



Fig. 10_Case S o Portion of posteroanterior chest roentgenogram of a girl, aged 11 

years, showing anomalous vessel In the right base. 1>, The tomogram sliows the anomalous 
vessel more clearly. 

Comment .—^In this ease it was not possible to obtain catheterization stud¬ 
ies or angiocardiography, so that the only “proof” of an anomalous venous 
eonnection of the right lung lies in the appearance of the roentgenogram and 
the fact that no other condition is known to cause this appearance. 
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Case 9.—A woman, aged 53 years, accompanied a friend of hers to the Clinic and de¬ 
cided al^io to have a general examination. She had at times suffered from bronchitis, but 
had no specific or serious complaints. The results of her general examination iverc negative 
except that the chest roentgenogram revealed the presence of a largo anomalous vessel on 
the right (Fig. 11, a), apparently an anomalous vein draining the blood from the right lung 
into the inferior vena cava near its entrnneo into the right atrium. This interpretation 
was confirmed by a tomogram (Pig. 11, l»). The significance of the lesion, in the event of 
the occurrence of any future pathologic proecas of the left lung, v\as explained to the patient. 
She decided against an extensive cardiovascular investigation at the present time. 



, 11.—Case 9. a, Postcroanterlor chest roentKenoffrnm shovinp abnormal rl^ht parn- 

carcliac shadow wldch Is due to an anomalou** pulmonary ^e'?se^ Theic Is also slight proml- 
nence of the h^rt in the region of tlic right atrium h. Tomogram of tlio right lower portion 
or the chest clearly demonstrates the anomalous pulmonary \ein, which drains toward the 
area where the Inferior >ena ca\a Joins the right atrium 

Case 10.—woman, aged 43 jears, had first been to the Clinic in 1926, at which 
time she had undergone tonsillectomy as well as an operation on the nose. In 1947, a 
cjstadenocarcinoma of one of her ov’aries had been removed elsewhere. She came to the 
Clinic later in 1047 and again in 1949 for postoperative evaluation. Her condition was 
satisfactoiy, and no evidence of recurrence could be detected. In 1931, a roentgenologist 
had reraarhed that the heart w’as rotated and displaced to the right. In 1947 the possi¬ 
bility of congenital heart disease was mentioned by the roentgenologist. 

In 1952, she returned to the Clinic since she was nervous about a possible recurrence 
of the cystadenocarcinonia, but no such evidence could bo found. At this time the roent¬ 
genologist remarked on what appeared to be an abnormal vessel in the right lung (Fig. 12). 
In 1954, this shadow was again noted, and anomalous venous connection of the right lung 
to the inferior vena cava was suggested. The cardiologist couM find no evidence of sig¬ 
nificant heart disease at this time, and the patient did not want to remain for further 
cardiovascular studies. 
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Comment .—Tlie roentgenologic findings in this case are similar to those 
in cases previously described in the Hterature. Although physiologic proof is 
lacking, it would be surprising if this were not a case in which anomalous 
venous connection of the right lung to the inferior vena cava existed. 



Fig 12—Case 10. Posteroanterior chest roentgenogram illustrates the large anomalous 
\essel in the right lo^ier portion of the chest, uhich is untloubtetlly an anomalous right pul¬ 
monary vein draining into the inferior \ena ca\a As a result of this the right atrium is 
larger than normal, and projects into the light side of the chest farther than it normally nould 

COMMEXT 

In a paper on total anomalous pulmonary venous drainage, Whitaker re¬ 
ported on 6 eases, 3 of which were found early in 1953, and he remarked that 
this “suggests that this anomaly is not so rare as the published cases indicate. 
AYhen it is tvidely known that the radiological feattn-cs are .sufficiently charac¬ 
teristic to allow the anomaly to be recognized at routine examination there 
will probably be an increase in the frequency of its diagnosis. ...” There 
seems to be considerable truth in this .statement. The patients having total 
anomalous connection on whom data are presented in this communication 
were all examined, or re-examined in view of recent knowledge, within the last 
vear. Undoubted^ there arc other cases in our files which have been rc- 
o-arded as tortuosity of the aorta or a mediastinal mass. We have made no 
attempt to imearth them. 

It is of interest from the point of view of differential diagnosis that, in a 
child, the thymus may cause a shadow on the posteroanterior chest roentgeno¬ 
gram Avhich is identical with the figure-of-eight picture. The lateral view is 
probably of differential diagnostic value, for in the cases of total anomalous 
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venous connection tliat inj- colleagues and I have seen, the anterioi’ mediastinum 
has been clear, whereas if an “abnormal” shadow is due to the thj-mus, the 
anterior mediastinum will not be clear. 

Furthermore, although theoretically a case of total anomalous venous 
connection (in which there is optimal division of blood at the atrial level) 
may show normal vascular markings, in practice all the roentgenograms of 
patients that we have seen have .shomi evidciiee of vascular engorge¬ 
ment such ns is seen in cases of recirculation. For the present, therefore, in¬ 
crease in the peripheral pulmonni-j’ arterial tnarkings should be I'cgardcd ns 
an essential part of the roentgenologic diagno.si.s. 

It is of interest that in all the eases in our group in which there were ade¬ 
quate physiologic data there has been marked pulmonary hypertension. In 
view of newer techniques in surger}-, it therefore behooves the roentgenologist 
to be familiar with this condition, since it is potentially correctable, and tjrob- 
ably preferably so in the youngei- years of life. 

"With respect to the eases presented in this paper as anomalous venous 
eonuection of part or all of the right lung to the inferior vena cava, it is ad¬ 
mitted that in only one case was physiologic proof obtained. However, in view 
of the fact that several proved cases have been presented in the literature and 
that all of these have had identical roentgenologic findings, and of the fact 
that no other condition is Icnown to give this appearance, there is suffieient 
.iustifieation to add the physiologically unproved eases. This is done with the 
intent of drawing further attention to these ca.sos, since the 3 ’ are probablj’ 
less rare than previously thought. The ca,scs presented have all been collected 
within the last two years. 

The roentgenologic findings in eases of anomalous venous connection of 
the right lung to the inferior vena cava are sometimes less obvious than in 
eases of total anomalous pulmonary venous connection, but there arc several 
features which may bring to mind the po.ssibilitj’; (1) The heart usuallj-, 

but not alwaj'S, projects into the right hemithorax more than it normallj' 
would. In some cases it is even totallj' rotated into the right side of the chest. 
(2) The right hemithoi-ax may be slightly smaller than the left, and broncho- 
grams in such eases may .show hypogenesis or agenesis of a irortion of the right 
lung. (3) The anomalous vein may be seen coursing a.s a saber-shaped shadow 
along the right paracardiac region. If tomograms are obtained, it will bo scon 
to start as small tributaries, sometimes from as high as the ape.x; these gradu- 
allj' merge and eventually a large main trunk is seen which courses in the 
general direction of the riglit eardiophrenic angle. Even if the main vein can¬ 
not be scon on the routine posteroaiitcrior film, its presence slioidd be sus¬ 
pected if the pulmonary vascular markings along the right border of the heart 
appear unusual in that thej' seem to taper toward the hilus. Bueky films are 
Jisuallj' not particularly effective in clarifying the pictui'e, but tomograms 
may be dramatic. 

Some of these eases are associated with an atrial septal defect. In one 
such ease the atrial septal defect was corrected and the anomalous vein trans¬ 
planted into the left atrium. This ease is not prc.sentcd here because the huge 
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Comment .—roentgenologic findings in this ease are similar to those 
in eases prcAdonsly described in the literature. Although physiologic proof is 
lacking, it woiild be surprising if this were not a ease in which anomalous 
venous connection of the right lung to the inferior vena cava existed. 



Fig Iji —Case XO Posteroantenor chest roentgenogram illustrates the large anomalous 
\essel in the right lover portion of the chest, vhich is undoubtedly an anomalous light pul¬ 
monary ^eln draining into the inferior \ena ca\a As a result of this the right atnum is 
larger than noimal and projects into the right side of the chest farthei than it normally would 


COMMENT 

In a paper on total anomalous pulmonary venous drainage, "Whitaker i-e- 
ported on 6 eases, 3 of which were found early in 1953, and he remarked that 
this “suggests that this anomaly is not so I'are as the published cases indicate 
"When it is widely known that the xadiologieal features ai’c sufficiently charac¬ 
teristic to allow the anomaly to be recognized at roixtine examination there 
Avill probablj^ be an increase in the frequency of its diagnosis ..." There 
seems to be considerable truth in this statement. The patients having total 
anomalous connection on whom data are iiresented in this communication 
wei-e all examined, or re-examined in view of i-ecent knoxvledge, within the last 
year. Undoxxbtedly there are other cases in our files which have been re¬ 
garded as tortuosity of the aoi-ta or a mediastinal mass. We have made no 
attempt to xinearth them. 

It is of interest from the point of view of differential diagnosis that, in a 
child, the thymus may cause a shadow on the posteroanterior chest roentgeno¬ 
gram xvhich is identical with the figure-of-eight picture. The lateral viexv is 
probably of differential diagnostic value, for in the cases of total anomalous 
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venous coimection tliat my colleagues and I liavc seen, the anterior mediastinum 
has been clear, vhereas if an “abnormal” .shadow is due to the fhjTnus, the 
antei’ior mediastinum will not he cle.ar. 

Furthermore, although theoretically a ca.se of total anomalous venous 
connection (in which there is optimal division of blood at the atrial level) 
may show normal vascular markings, in pi’actioe all the roentgenograms of 
patients that wo have seen have shown evidence of vascular engorge¬ 
ment such as is socti in eases of recirculation. For the present, therefore, in¬ 
crease in the peripheral ])ulmonary arterial markings should he regarded as 
an e.ssential part of the roentgenologic diagnosis. 

It is of interest that in all the case.s in our group in which there were ade¬ 
quate physiologic data there has been marked pulmonary hypertension. In 
view of newer techniques in surgery, if therefore behooves the roentgenologist 
to he familiar with this condition, .since it is potentially correctable, and prob¬ 
ably preferably so in the younger years of life. 

■With respect to the casc.s i)roscnted in this paper as anomalous venous 
eoimeetion of part or all of the right lung to the inferior vena cava, it is ad¬ 
mitted that in only one case was physiologic proof obtained. However, in view 
of the fact that several proved cases have been presented in the literature and 
that all of these have had identical roentgenologic findings, and of the fact 
that no other condition is known to give this appearance, thci’e is suffleient 
justification to add the physiologically unproved eases. This is done with the 
intent of drawing further attention to these eases, since they are probably 
less rare than previously thought. The ea.se.s presented have all been eollccted 
within the last two years. 

The roentgenologic findings in cases of anomalous venous connection of 
the right lung to the inferior vena cava arc sometimes less obvious than in 
cases of total anomalous pulmonary venous connection, but there are several 
features which may bring to mind the possibility: (1) The heart usually, 
but not always, projects into the right hemithora.x more than it normally 
would. In some eases it is even totally z-otated into the right side of the chest. 
(2) The right hemithorax may bo .slightly smaller than the left, and broneho- 
grams in such eases may show hypogencsis or agenesis of a portion of the light 
lung. (3) The anomalous vein may be seen coursing as a sabei’-shaped shadow 
along the right pai’acai-diae region. If tomogi-aras are obtained, it will be seen 
to start as small tributaries, sometimes from as high as the apex; these gradu¬ 
ally merge and eventually a large main trunk is seen wliich courses in the 
genei’al direction of the z-ight eardiophrenic angle. Even if the main vein can¬ 
not be seen on the routine postei-oanterior film, its presence should be su.s- 
peetod if the pulmonary vascular maikings along the right border of the heart 
appear unusual in that they seem to taper toward the hilus. Bucky films are 
usually not particularly effective in clarifying the picture, but tomogi'ams 
may be dramatic. 

Some of these cases are associated with an atilal septal defect. In one 
such case the ati-ial septal defect was coiTectetl and the anomalous vein trans¬ 
planted into the left atrizzm. This ease is not presented here because the huge 
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size of the heart prior to opei’ation obscured the area of the anomalous vein 
entirely. After correction the heart size decreased by almost one half. Other 
eases—and probably the majority—are unassoeiated with an interatrial com¬ 
munication. This statement is based on the eases presented in the literature, 
as well as on the fact that in most of our cases there were no eAudenee of re¬ 
circulation in the lung fields and no obA'ious cardiac disability. One such ease 
Avith physiologic proof is presented. In another case, hoAvever, the clinical 
picture did sirggest the presence of an atrial septal defect. 

These cases are of interest in that they are Avithin the realm of surgical 
correetability. It Avould be difficult to urge such a patient to undergo opera¬ 
tion, because the condition is usually subjectively symptomless. HoAvever, to 
put the physiologic problem crudely, if such a patient Avere at any time to have 
pneumonia of the left lung, or for some reason underAvent left pneumonectomy, 
death AA'ould be inevitable, since tlie riglit lung Avould not be able to contribute 
sufficient oxygenated blood to the systemic circulation even if an atrial septal 
defect Avere present. 


SmiMARY 

Cases are presented of the tAvo types of anomalous pulmonary Amnous 
connection Avhich are readily recognizable on the routine posteroanterior chest 
roentgenogram. These are (1) the “figure-of-eight” type of total anomalous 
pulmonary A’^enous connection, and (2) anomalous venous connection of the right 
lung to the inferior vena cava. 
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USE OP A NEW TOPiaVU ANESTHETIC AGENT (DYCLONE) 

IN PEROKAL ENDOSCOPY 

A Report op 569 Procedurfs 

Felix A Hugufs, JI D , James R Burwfll, JI D , and Jamfs W Pate, JI D 
IIfmphis, Tfnn 

A TOPICAL anestlictic agent Minch is potent, fast, noninitating and non 
sensitizing is highly desiialile foi pcioial endoscopy No known agent 
Mhich IS ideal in all ol these icspects is availahle so that nenei dings aie 
constantly being eialuated Dj clone* has been used in proceduies in this 
institution, this m ork foi ms the basis foi this i cpoi t 

Dyclone (4n butoxy bcta-pipeiidino piopiophenone hydioclilonde) is a 
white oiystalhne powder with the additional advantages of bactciicidal and 
fnngioidal pioperties* - The eompound, Mith the geneiic name of djclonine 
HCl, IS soluble at a 2 pei cent oonecntiation in Matei which is slightly aeidic 
and stable in this solution Animal studies have shonn good topical anesthesia 
in the eoinea for 50 to CO iniiiutcs without nutation. Theie is said to be no 
demonstrable paiasympatholytic action and no change in the lesponse to 
acetylcholine oi epinephiine of tlic caidioiasculai or gnstiointestinal s\ stems ‘ “ 
To date, the incidence of alleigic leactions to the agent is about 0 05 pei cent 
of all cases, the majoiity of which occuried in the topical application of 
Dyclone cream In thousands of cases in Minch Dyclone solution has been 
used in the eve, mouth, htonehi, and iircthia, no sensitniti has been reported 
Using Staphylococcus aureus as the test organism, the absolute phenol coefficient 
is36" 

In these studies, using a standard technique Mitli Jackson cioss action 
foiceps the soft palate, tonsils pillars phaijnx, and pjiifoim sinuses Meie 
SMabbed with cotton which had been satiiiatcd in eitlioi 0 5 oi 1 pel cent solu 
tion Approximately 7 c c was used foi this stage Undei indiiect larvngos 
cops, about 10 c e of 0 5 pei cent solution in I to 2 cc aliquots Mas injected 
into the laijnx and trachea foi bronchoscopies and bionchogiams Foi 
esophagoscopies and esophageal dilatations, the patient sMalloMed a siniilai 
amount of the 0 5 pei cent solution The time lequiied foi good anesthesia was 
about 6 minutes The anesthesia geneiallj lasted from 30 to 45 minutes Minch 
M as adequate time for pei foi manec of the dcsii ed examination j et bi lef enough 
to allow lecoieiy from the anesthesia bcfoie leaiing the clinic 

TT. Thoracic Surgerj Section Veterans Adm(nl‘ttntion TMcdIcal Teachlnjr Group 

Hospital Memphis 15 Tenn 

Reeelxeci for publication Dec 19 1955 / 

•(djclonine HCl)—^Pitman Moore Company Indianapolis 6 Ind 
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A total of 400 patients was anesthetized in the above-described manner 
and 569 procedures were performed. The types of procedures are listed in 
Table I. No procedure was abandoiied because of inadequate anesthesia. No 


Table I 


Bronchograms 

182 

Bronchoscopies 

313 

Esophagoscopies 

39 

Esophageal dilatations 

S3 

Total procedures 

569 


untoward reactions were encountered with the exception of one instance, a 
27-yeai’-old, white, frightened nurse who eomi?lained of vertigo, shaiq? lancinat¬ 
ing pain in both ears, paresthesia (tingling) of the hands, and acute dyspnea. 
There was no change in blood iiressure, and pupil reaction and tendon reflexes 
were normal during this episode which lasted for approximately fifteen 
minutes and subsided spontaneousl 3 >' with no treatment. A .similar reaction oc¬ 
curred on the ward when this patient had no anesthesia. This would indicate 
that this episode Avas a manifestation of hj^steria. 

Recently, Ave have used Djmlone to allcA-iate the pain of esophagitis in 15 
patients receiA^ing deep x-ray treatment for nonresectable carcinoma of the 
lung. Fifteen minutes ante eibum, 5 c.c. of Dyclone 1 per cent is placed in the 
oral pharynx and the patient .SAvalloAvs the drug. We have found that the pain 
of SAvalloAving food is allcA-iated partially or entirely Avith this regimen but 
the patients complain of inability to taste the food and numbness of the tongue. 

One patient has been anesthetized thirty-five times for esophageal dilata¬ 
tion at intervals of one Aveek. To date, no eAudence of any toxic effect has been 
determined. Liver and renal function tests are normal; peripheral and bone 
mari'OAV blood studies are normal. 

.SUAIAIARY 

A total of 400 patients Avere locally anestlietized Avith 1 per cent and 0.5 
per cent Dyclone AAOth prompt, adequate anesthesia for peroral endoscopy. 

No untoAvard reactions or toxic effects AA^ere noted in this scries. 
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“• b E and AVright, D. L.: J. Pharmacol. Exper & Therap, m press. 

^ Plorestano’'H. J., and Bahler, AL E.: Antimicrobial Properties of Dyclonine Hydro¬ 
chloride, a New Topical Anesthetic, to be published. 
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THK AMERICAN A‘^bOCIATION I’OR THORACIC SURGERY 


Notice of Annual Meeting 

Tlic Tim tv id cn til Aiimi.il Mccliii!' of Tlic Anipiiun Vssniniim i 
Thoracic Suigeiv will lie held Mav 4, G, .oiid 7, l’)')7 iii ( Inc igo, Illiiioi Head 
quaitcis will be at the Palmci House 

Requests for Hotel Reservations 

These should he iii.ulod diieeth to Mi Edward Einufoid, Rcseivatioiis 
Managpi Palnioi House, Chicago Please nuntioii this Association, the tvqie of 
nccommodatioii desired the d itc, and appioMiuati Iioiii of aiinal and dopaifuie 
If accommodations arc dcsiud tisowheic in Chu uo please commnnicafe diiecth 
with the hotel of vein choice 


Thoracic Surgery Forum 

The Tlioiacie Siiipon Foiiim will be coiitiiuied as a special session at the 
l‘)')7 meeting The Porum is [iiimaiilv loi the pieseiitatioii of short papeis on 
cmiont thoiacic icsenih eviieiimental problems nnatomical studies and modi 
bed 01 new suigieal teelinuiiics The inchisioi ot anv considerable amount of 
cluneal material in those reports imikes tin choice moie diffioult and the 
Piograni Committee leseivcs the light to lejci I siicli papeis, oi to suuaest then 
tiansfeial to the Regiihr Piogum'’ 

Papeis at this session will bo limited to ten iiiiiiiites, including the sliowniir 
oi lantern slides or otliei illustrative matcii.il At the discietion of the Picsi 
dent, tlnee minutes iinj be allowed as the inaMimim discussion foi each papci 

All Thoracic Siiigerv Pomm papers wull be published togetliei ui one issue 
oftheJouENAL Mavimum length 3000 vvoids without lUnstiations If illiis 
tiated, an appiopuatc numboi of vvoids must be subtracted foi each cut useel 


Abstracts of Papers 

Ahstiaets of .nil presentation at the 1957 meeting must be 

leeeived on or before Dec IS iosk^ ti,/.! uill not be considered bv the 

Progiam Committee ’ "" 


or For Res 
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Five, repeat, five copies of each abstract must be sent to Miss Ada Hanvey, 
Administrative Assistant, Tlie American Association for Thoracic Surgery, 600 
South Kingshighway, St. Louis 10, Missouri. 

Those on the program are reminded that papers presented at the meeting 
vmst be handed to the seeretarj'- immediatelj’’ after their presentation. If they 
are not ready at that time there is a cliance that they will not be published in 
The Journal op Thoracic Surgery. 

Motion Picture Session 

Provisions have been made to show a limited number of motion pictures to 
be selected on a competitive basis. The films themselves, together with descrip¬ 
tive material concerning length of presentation, etc., must be received by Dr. 
Karl P. Klassen, The Ohio State University, Columbus 10, Ohio, before Dec. 15, 
1956. 

It is planned to run the motion pictures in a smaller room at the same time 
as the scientific sessions. If the films are well labeled, it will not be necessary 
for the author to be present for comment. 

Applications for Membership 

Applications for Associate Membership in the Association must be received 
by the Membership Committee not later than Dec. 15, 1956, otherwise the appli¬ 
cation vnll be deferred for consideration until the 1958 meeting. 

Applicants must be sponsored by three Active or Senior Members of the 
Association. In addition to the signatures on the application form, the sponsors 
will forward a separate letter concerning the applicant directly to: 

Dr. 0. T. Clagett 

Chairman of the Membership Committee 
Mayo Clinic 
Eochester, Minn. 

Sponsors are reminded that neiv letters of recommendation must be for¬ 
warded to the Membership Committee should their applicants be held over for 
reconsideration a second year. The new letters of recommendation should also 
be sent to Dr. Clagett, the Chairman of the Membership Committee. 


Erratum 

Through an error the name of Dr. Joseph L. Mangiardi of 426 Pennsylvania Avenue, 
Freeport, New York, was omitted from the list of Associate Members published in the 
June issue of this Journal. It will be added to reprints of the official list of members. 
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Original Communications 


SOJIE OP THE FOEGOTTEN JIEN IN THE FIELD OF THOEACIC 
SUBGEEY 

Eichabd II. Meade 
Grand Bapids, j\bcii. 


A S an introduction to the talk I want to give tliis afternoon, I sliall road 
to you from the Constitution of this Association. Article II deals with 
the object of the Association. It says: “The object of this Association shall 
bo to encourage and stimulate investigation and study that will increase the 
knowledge of intrathoracie physiology, pathology and therapy, to correlate 
such knowledge and disseminate it.” So, you see, this Association was not 
established to honor men who had already made contributions to thoracic 
surgery, but to encourage work in this field. Therefore, we should be in¬ 
terested in those men who have made noteworthy contributions, oven if their 
work has not brought them fame. In speaking of them, however, I am not 
unmindful of the many men in this audience today who have made gi-eat 
contributions, and have also received just praise for it. I thoioughly agree 
with this acclamation and am sure that there is no one here who admires them 
more than I. To list them is unncccssaiy, for you all know them. I have no 
desire to detract in any way from this acclaim. I only want to add to this 
group the names of some others who, I think, should be among them. 

The first subject I want to talk about is one that is familiar to eveiyone. 
I refer to decortication of the lung. This procedure was first publicly de¬ 
scribed by G. R. Fowler,’’ in 1893. There is some e^ddence that Carl Beck’ 
did this operation at an earlier time, but he did not publish a report of his 
work which had been presented before the German Surgical Society in New 
York. During the two years following Fowler’s paper, Delorme” in France, 
and Lambotto"’ in Belgium, wrote about this piocedure and reported their 
expei'ience with it. Their operations differed from the Jnodeni one only in 
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regard to resection of the chest wall and in the method of drainage. They 
resected large segments of many ribs and packed the wound open with gauze 
after completing the decortication. Although the operation was widely dis¬ 
cussed, it was not widely used, and one can well understand why that was 
true, as blood transfusion was far in the future. Between that time and 19.18, 
the pi’ocedure was only occasionally discussed in the literature. 

In the latter part of 1918, when the First World War was drawing to a 
close, there was the terrible influenza epidemic and a tremendous number of 
cases of empyema developed among the survivors. A great many of these 
occurred in the soldiers, and at Walter Eeed Hospital in Washington, Col. 
William Keller and Dr. Carl Eggers, had charge of them. They puhlished 
many articles on the subject, and Dr. Eggers“ published the results of his use 
of decortication for chronic empyema. He performed the operation on 99 
soldiers and only one of them died—no antibiotics, and no blood transfusions. 
Sixty-seven of the men had excellent results with re-expansion of their lungs. 
The others needed further plastic operations. The operation which he did 
then, as published in the Amials of Surgery for March, 1923, was veiy similar 
to that done today and I am going to show you some lantern slides to illus¬ 
trate the various steps. The only point of difference had to do \vith drainage. 
He used an open tube, although Dr. Mann,-^ Professor of Surgery" at the Uni¬ 
versity of Minnesota, as far back as 1907 emphasized the importance of closed 
drainage in such circumstances. After this important report. Dr. Eggers did 
not pitblish any further ones, presumably, because he felt that nothing further 
needed to be said. In spite of his excellent results, the operation was not 
accepted. Hedblom^^ i-eported on his experiences at the Mayo Clinic with 
150 eases of chronic empyema treated between 1917 and 1920 in which he did 
decortication in 30. In 15, the results were excellent. He felt that the opera¬ 
tion had a place, but a limited one. Practically all of the other leading thoracic 
surgeons in this country were opposed to this procedure. They felt it was too 
formidable an operation for rather limited results. Dr. Bigger was the only 
other man I knew, besides myself, who felt the operation should be used. T 
tried it successfully, in 1929, for a chronic empyema and again, in 1940, for 
a chronic hemothorax. In the autumn of 1943, I gave a talk on the .subject 
before the county medical society in Memphis and reported on 3 eases Avhich 
had been treated at Kennedy General Hospital. As I had nothing new to 
offer I never published anything on the subject. Soon after this, in North 
Africa and Italy, decortication was found to be very effective in treating 
chronic hemothorax in the wounded soldiers, and the reports of Samson, 
Burford, Brewer and Burbank, and others, brought the procedure to the 
eyes of all. Soon it was found that decortication was just as useful in cases 
of empyema, and sinee then it has been applied to all types of eases in which 
the lung has been entrapped by a membrane. In none of the numerous papers 
written^on the subject since 1943 have I seen a single reference to the work of 
Dr Eggers. Surely his name should stand together with those of Fowler'= 

and Delorme.^ 
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Now, I want to move over into .n very different field of aetimty. The 
surgery of mitral stenosis has changed from a spectacular operation, in 1948, 
to a procedure that is successfully used throughout the entire world. The 
recently trained thoracic surgeon today, looks upon mitral commissurotomy as 
we older men looked upon appendectomy. And yet, the development of this 
operation took a great many years, and passed through stages when the 
leaders in the field thought that further work on the subject was futile vrith 
the means then at hand. However, with no new weapons, the operation be¬ 
came established. Back in 1898, an English physician by the name of Sam- 
ways'”’ said in an article on the peristaltic movements of the auricle that 
notching the stenotic mitral valve might be of value in treating mitral 
stenosis. That is all he said, and did not write furtlier about this idea. However, 
in 1902, Sir Lauder Brunton' published an article in the Lancet, on February 
8, in wliieli he very decidedly advocated the resection of a segment of the 
stenotic mitral valve. Let me read you what he said: “Mitral stenosis is not 
only one of the most distressing forms of cardiac disease, but in its severe 
form it resists all treatment by medicine. On looking at the contracted 
mitral orifice in a severe case of this disease, one is impressed by the hope¬ 
lessness of ever finding a remedy which will enable the auricle to drive the 
blood in sufficient stream through the small oiificc, and the wish unconsciously 
arises that one could dii-idc the constriction as easily during life as one can 
after death. . . . But no one would be justified in attempting such a dangerous 
operation as di\iding a mitral .stenosis in a fellow eroature without having 
first tested its practicability and perfected its technique by previous trials 
on animals." Ho theti u'cnt on to say, that he had obtained the ncoessaiy 
licenses to do the work, but because of pressure of other duties had only been 
able to do the operation on cats, dead animals, and diseased hearts obtained 
at post-mortem. Then ho said, “It may be some montlis longer before I can get 
anything more done and I therefore think that it may be worthwhile to -write 
this preliminary note, especially as after all, if the operation is to be done 
in man, it will be surgeons who will do it and they must, of course, make 
their own preliminaiy experiments, however fully the operation may be 
described by others, and each must find out for himself the method which he 
will employ in each pai’ticular case.” In spite of the caution e.xpressed in 
this article, and the statement that surgeons would have to work out the 
technifiue, he was severely attacked in the Lancet by a leading article the 
week after his article appeared. He was attacked for suggesting such a 
radical procedure without first having perfeeted the operation himself. And 
yet, everyone knew that he was not a surgeon but was one of the most dis¬ 
tinguished cardiologists in England, and even a Fellow of the Royal Society. 
The only surgeon who entered into the discussion was Sir Arbuthnot Lanc.-' 
who said that he considered the operation feasible, and “under certain cir¬ 
cumstances justifiable." He said nothing else, and no other surgeon hnd 
anything to say. This reticence on the part of the .surgeons is of gn’sf 
interest when one looles back at the state of surgeiy at that time. In look'"- 
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through the Lancet, the British Medical Journal, and Annals of Surgery for 
that year I was tremendously interested in reading of the great amount of 
surgery being done at that time. Abdominal surgery was well advanced and 
had Sir Lauder proposed some new abdominal procedure it would have been 
eariied out at once. It might be of interest to cite here a few of the surgical 
events chronicled in these journals. But first it might be well to point out 
that England was then engaged in the Boer War which did not come to an 
end until June 1, 1902. Marmaduke Sheild,^^ of London, reported the re¬ 
sults of operation in 60 cases of malignant tumors of the breast. He pointed 
out the importance of the radical operation, and said that Halsted was to be 
congratulated because he had revived the operation introduced by Moore of 
the Middlesex Hospital in London, in 1867. He concluded his article by saj^- 
ing, “operate early, operate extensively.” There was a paper on hysterectomy 
for cancer of the uterus with the statement that the vaginal route was the 
better one in most cases. A. W. Mayo Robson"“ reported on 200 operations 
for obstructive jaundice with a mortality of 13.6 per cent. Most deaths were 
due to hemorrhage. This was five years before Crile started doing trans¬ 
fusions, and eight years before typing of blood really became established, and 
transfusions could be safely used. One of Europe’s greatest .surgeons, Doyen^^ 
of Prance, reported on the isolation of a diplococcus which he considered to 
be the etiologic agent in cancer. He said that he had been able to isolate 
it in every one of his cancer eases. He had prepared a vaccine and had used 
it in all patients except those with the rapidly growing tumors. In the same 
year, April, 1902, at the German Surgical Congress'^® he had shown moving 
pictures of trephining, resection of the knee joint, and finally his famous 
operation for separation of the xiphopagus Hindu girls. There was a report 
in the Lancet in that year of the meeting of the Society of Anesthetists of 
Great Britain, on Dec. 6, 1901. At this meeting the chief subject for dis¬ 
cussion was “Is Chloroform More Dangerous than Ether? Considei’ation of 
Respiratoi’y Troubles Following Operations During Twelve Months at a Large 
General Hospital.” In spite of the fact that there were a large number of 
doctor anesthetists in England at that time, and much interest was taken in 
it, there was no satisfactoiy anesthesia for chest surgery. Although intra¬ 
tracheal anesthesia had been introduced by Matas,"® in 1901, it had not been 
used to any extent except in experimental work, and without it it Avas im¬ 
possible to operate in the open chest. Only by first creating adhesions in the 
chest was it safe to open the chest for an operation as the uninvolved part of 
the lung had to adhere to the chest wall so as not to collapse when the chest 
was opened. Eehn, in 1896, had successfully sutured a stab Avound of the 
heart and others had been done since then. The management of stab AAmunds 
of the chest had been well Avorked out, and the dangers of pneumothorax 
Avere understood. HoAveA'^er, no surgeon of that day Avould lightly consider 
operating in the open chest and no one Avould dare operate on the heait ex¬ 
cept to suture a Avound in it. Shortly before Eehn’s successful case, the gieat 
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Billroth hnd declared that any srirgeoii who dared operate on the heart wo 
lose the rcspoel of his fellow surscons. So, it is not surpiising that no snreeon 
ventured to follow Sir Lauder Brunton’s suggestion. “ 

Although no surgeoius in England became intoKsted in the possihilitv of 
surgery for heart disease, a groat deal of cxpei-imental work was done in 
Germany, Erance, and in thi.s country after this Jn 3922 Graham and 
Allcn= began work on .surgery for mitral .stcnosi.s, and in dog^ succeeded in 
biting out picce.s of the mitral valve with an instrument with which thev 
could sec the tissue irhieli they cut. Alien’ .succeeded in getting an answer to 
the question as to what happened to the valve after it was cut. .Ifanv thought 
that a valve that was divided, or cut. would he,,I and re.slorc the stenosis 
Allen told me rcecnlly, that ho talked the matter .uer with Dr. Caulk, the 
noted nrolopst in St. Loni.s. Allen compared lh< stuiotic mitral valve to a 
nrcthral strieturc The groat diircrence being th.il urine passed infrequentlv 
iiongh the urethra, irlnle blood imiircd eontinuously through the mitral 
'a 'e. e lennjj that the valve would not resiim. its structure, he tried the 
problem c.xpenmcntally. He cut the valves of . 
month-s later studied them. The cut edges had |.. 
was no tendency to recurrence of the .stenosis 
ha,mg porfooted their toelinique on dogs. Grah., . 
for a patient. They pl.inned to approach the 
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through the Lancet, the British Medical Journal, and Annals of Swgery for 
that year I was tremendously interested in reading of the great amount of 
surgery being done at that time. Abdominal surgery was well advanced and 
had Sir Lauder proposed some new abdominal procedure it would have been 
carried out at once. It might be of interest to cite here a few of the surgical 
events chronicled in these Journals. But first it might be well to point out 
that England was then engaged in the Boer liVar which did not come to an 
end until June 1, 1902. Marmaduke Sheild,®^ of London, reported the re¬ 
sults of operation in 60 eases of malignant tumoi's of the breast. He pointed 
out the importance of the radical operation, and said that Halsted was to be 
congratulated because he had revived the operation introduced by Moore of 
the Middlesex Hospital in London, in 1867. He concluded his article by say¬ 
ing, “operate early, operate extensively.” There was a paper on h^’^stereetomy 
for cancer of the uterus with the statement that the vaginal route was the 
better one in most eases. A. W. Mayo Robson^® reported on 200 operations 
for obstructive Jaundice with a mortality of 13.6 per cent. Most deaths -were 
due to hemorrhage. This was five years before Crile started doing trans¬ 
fusions, and eight yeai-s before typing of blood really became established, and 
transfusions could be safely used. One of Europe’s greatest surgeons. Doyen^^ 
of France, reported on the isolation of a diploeoccus which he considered to 
be the etiologic agent in cancer. He said that he had been able to isolate 
it in every one of his cancer cases. He had prepared a vaccine and had used 
it in all patients except those with the rapidly growing tremors. In the same 
year, April, 1902, at the German Sux’gical Congress” he had shown moving 
pictures of trephining, resection of the knee Joint, and finally his famous 
operation for separation of the xiphopagus Hindu girls. There was a report 
in the Lancet in that jmar of the meeting of the Society of Anesthetists of 
Great Britain, on Dec. 6, 1901. At this meeting the chief subject for dis¬ 
cussion was “Is Chloroform More Dangerous than Ether? Consideration of 
Respiratory Troubles Following Operations During Twelve Jlonths at a Laxge 
General Hospital.” In spite of the fact that there were a large number of 
doctor anesthetists in England at that time, and much interest was taken in 
it, there wms no satisfactory anesthesia for chest surgery. Although intia- 
tracheal anesthesia had been introduced by Matas,^® in 1901, it had not been 
used to any extent except in experimental work, and wdthout it it was im¬ 
possible to operate in the open chest. Only by first creating adhesions in the 
chest was it safe to open the chest for an operation as the uninvolved part of 
the lung had to adhere to the chest wall so as not to collapse when the chest 
was opened. Rehn, in 1896, had successfully sutured a stab wound of the 
heart and others had been done since then. The management of stab wounds 
of the chest had been ivell worked out, and the dangers of pneumothorax 
were understood. However, no surgeon of that day -would lightly considei 
operating in the open chest and no one would dare operate on the heart ex¬ 
cept to suture a -wound in it. Shortly before Rehn’s successful case, the great 
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Bilhoth had declaiod that any surgreoii ivho dated opeiate on the heait ttoiild 
lose the lespeet of his fclloiv siii goons So, it is not snipiising that no suigeon 
1 entuied to follow Sn Lnndci Bninton’s suggestion 

Although no suigeons in England became interested in the possibilitj of 
smgeiy for heait disease, a gieat deal of experimental uork was done in 
Germany Eiaiice, and in this countiv aftci this In 1922, Qiahani and 
Allen" began ivoik on suigeij foi mitial stenosis, and in dogs, succeeded in 
biting out pieces of the mitral lahe nitli an instrument ivith iihich they 
could see the tissue uhich they cut Allen’ succeeded in getting an aiiswei to 
the question ns to uliat happened to the lahe aftei it uas cut Many thought 
that a lahe that uas dnided, or cut, uould heal and icstoie the stenosis 
Allen told mo leeently, that he talked the matter mer with Ei Caulk, the 
noted urologist in St Louis Allen compaietl the stenotic initial lahe to a 
uiethial strietiiie The gip.at difteience being that iiiine passed mfreqiientlj 
thiough the uiethia uhile blood poiiied continuously through the raitial 
ralve BolioMiig that the lahe uould not lesiime its stiuctuie, he tiled the 
pioblem expenmentally He cut the valves of a senes of dogs and eleven 
months Intel studied them The cut edges had become cpithelized, and thoie 
was no tendency to locuiicnce of the stenosis With this knowledge, and 
having poifected then technique on dogs, Giaham and Allen seaiched in vain 
foi a patient Thoj planned to appioaeh the valve bj way of the aunoulai 
appendage None of then colleagues at Washington Univeisity weie in 
terested rnially, a doctor fiom out in the countiy sent them a patient She 
was so siek that tlioj planned to operate on her in stages Even so, at the 
thud stage she died, just as they weie getting ready to intioduee the tardio 
scope Aftei Giaham and Allen had done many of then experiments, Cutler 
and Beck,” in Boston, began vvoik on the pioblem, and finally in April 1923,’ 
they succeeded in dividing the stenotic mitral valve of a young giil by the 
ventnciilai appioaeh She lecovcied, and hei ease was piomptlj lepoited 
News of this gieat event spread thioiighout the woild, and it was geneially 
thought that a new era of thoracic sui gciy had dawned It was the intention 
of Gutlei and Beck to leseet a segment of the mitral valve as thej thought 
that was necessary to coiiect the stenosis In then fiist case howevci, they 
had decided that the} had bettci be content with simple division of the valve 
In then subsequent eases they did carry out lesection but all of the patients 
died Two yeais aftei Cntlei and Beck’s successful case, Henr} Soiittai,’" 
m London opeiated on a }Oung woman who was supposed to have initial 
stenosis He appioached the valve as Giaham and Allen had done, by wa} 
of the auiieulai appendage, and found on fingei exploration, that theie was 
no real stenosis, but some iegiirgitation He inseitod his fingci thiough the 
valve and explored both the veiitiicle and auricle, and wiote that he thought 
this was the piopei attack on raitial stenosis His patient lecoveied and 
lived foi some }eais At this time in England, the teachings of Sn James 
klaekenne weie aiithoutative and evcijonc followed them rcligioiislv He 
liad died at 72, some six months befoie Souttai did his opeiatioii but ins 
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opinions about the heart were universally followed. Therefore, Souttar was 
unable to get any more patients on whom to operate, as Mackenzie had held 
that the important feature of mitral stenosis was the damaged myocardium, 
and that the valve deformity was of secondary importance. Thus, it was use¬ 
less to operate on the valve. In this country, Dr. Samuel Levine,^^ in Boston, 
did not agree with Sir James, and he referred a number of patients to Cutler 
for operation, even though all died after the first one. The fact that Souttar’s 
patient did not have true stenosis, and therefore was unaffected by the opera¬ 
tion, accounted in some degree for the lack of attention attracted by his 
article. During the time that Cutler and Beck were operating on their pa¬ 
tients with mitral stenosis, no one had been able to produce mitral stenosis 
in the experimental animal. However, between 1929 and 1932, John PoAvers,-® 
working in the same laboratory at Harvard where Cutler and Beck had done 
their Avork, found that he could produce stenosis by cauterizing the mitral 
valve by means of bipolar diathermy, and then infecting the dogs Avith 
Streptococcus viridans. He then studied the effect of resecting portions of the 
valve, and found that, in every instance, the dog died from the regurgitation 
produced. 

In 1946, as you all knoAV, Bailey^ Avas operating on a patient AAuth mitral 
stenosis, and Avas prepared to resect a segment of the Arnh’-e with a cardio- 
valvulotome. After entering the auricular appendage, he discovered that he 
would be unable to get his instrument through the valve in order to do the 
resection. His medical associates told him that if he didn’t relieve the stenosis 
in some Avay the patient Avould die on the table. Suddenly, he remembered 
Souttar’s article, and pushed his finger through the Amlve, splitting the com¬ 
missures. Although the patient died a day later, the autopsy revealed the 
fact that the stenosis had been corrected AA^ithout the establishment of re¬ 
gurgitation. He kneAv then that Souttar’s operation was the correct one, but 
he had to Avait tAVO more years before he had another chance to do the opera¬ 
tion. Then, in June of 1948, he opei’ated on a young Avoman and succeeded 
in cariying out the operation. Six days later in Boston, Dwight Harken^® 
carried out a similar procedure, but cut along the commissures AAuth a vahm- 
lotome. Three months later in London, Russell Brock® carried out the Souttar 
operation Avith success. None of these men kneAv of the other’s Avork at the 
time. And so AAuthin the period of three months, an operation that had first 
been carried out twenty-three years earlier came into its OAvn. To Brunton 
must go the credit for fighting for the principle of surgery for mitral stenosis. 
To Souttar goes the credit for perfecting the operation, and to Bailey, Harken 
and Brock go the credit for establishing the operation as a definitive proce¬ 
dure. 

On May 6, 1907, at the meeting of the Philadelphia Academy of Surgery, 
Dr. John Munro®® of Boston, read a paper entitled, “Ligation of the Ductus 
Arteriosus.” So important Avere his remarks at that time that I shall quote 
from his address. He started by saying, “That I may be alloAved to bring this 
suggestion for a neAV operation before your Society, I ask on the basis that it 
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has not hocii hastily conceived. On the contrary long ago I demonstrated its 
technical possibility on the cadavers of newborn children, and felt that it was 
justifiable on the living. At various times I have tried to inspire the pediatric 
specialist with my views, but in vain. Now, in view' of the recent advances 
in cardiac surgery, for much of which w'c are indebted to the surgeons of this 
city, I will venture to place my ideas hcfoi'c you, asking that you do not dis¬ 
miss them hastily.” He then went on to record the case of a girl baby that 
presented evidence of heart disease, and died after several weeks without any 
real cyanosis. At autopsy, the onlj' abnormality found was “an open ductus 
arteriosus lying easily within reach behind the sternum. The simplicity of 
the remods' was so striking that I at once made further dissections, and 
satisfied myself that it would be i)ossiblc to ligate the duct provided a diagno¬ 
sis could be made beforehand. In regard to making a diagnosis, however, my 
pediatric advisers were not reassuring.” He then spoke of studies made on 
the ductus, and the effort to recognize distinctive heart sounds. As the ductus 
is normally open during the first few days of life, it was thought that it 
would be possible to establish the auscultatory signs that w'cre typical, from 
examination of many newborns. This did not prove to be true, although 
Townsend examined 100 newborn babies during the first three days of life. 
He then discussed the question of the etiology of delay in closure of the 
ductus, and said that nothing was know'n about this. 

His deseription of the charaetcristic findings in a ease of patent ductus 
is still true in most respects. First, he said that there was no cyanosis, except 
oeeasionally in late life. “Cardiac dullness is increased laterally, and there 
may be projection and pulsation of the dullness leftw’ards, in the upper costal 
spaces. This projection is visible by x-rays. A loud systolic whir conducted 
into the cervical vessels may be heard, but as a matter of fact there are no 
definite auscultatory signs established as yet. Of the 26 cases collected re¬ 
cently, half lived to puberty. Death follows from atelectasis, general oedema, 
pleural exudate, pneumonia, endocarditis, etc.” 

“AVhy should we consider surgical interference in eases of open ductus 
arteriosus? Because in spite of the fact that some cases may live to puberty, 
the chances of which must be small, we have the one cardiac-valvular lesion, 
which is, relatively speaking, superficial. Furthermore, the anomalous vessel 
is of good size, its ligation must be followed by instant and permanent i-estora- 
tion to a normal function of the lungs and arteries, and it can be reached by 
a short surgical route. ’ ’ 

*The operation I would propose, as demonstrated on the cadaver, is as 
follows: Under ether anesthesia, which I prefer to chloroform in any case 
involving collapse of the lung, the stcimum can be easily split along its center 
or a little to the right, opposite the second costal cartilage. This is easily 
done with a knife. The sternal halves arc then retracted, ample room foi- 
working being obtained. The right pleural cavity will probably be opened 
but the left one will not. Judging from analogous cases in surgery, t 
should not bo serious, but if necessarj' the physiologist’s apparatu.s for m 
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opinions about tbe heart were imwersally followed. Therefore, Souttar was 
unable to get any more patients on whom to operate, as Mackenzie had held 
that the important feature of mitral stenosis was the damaged myocardium, 
and that the valve deformity was of secondaiy importance. Thus, it was use¬ 
less to operate on the valve. In this country, Dr. Samuel Levine,-^ in Boston, 
did not agree -with Sir James, and he referred a number of patients to Cutler 
for operation, even though all died after the first one. The fact that Souttar’s 
patient did not have true stenosis, and therefore was unaffected by the opera¬ 
tion, accounted in some degree for the lack of attention attracted by his 
article. During the time that Cutler and Beck were operating on their pa¬ 
tients with mitral stenosis, no one had been able to produce mitral stenosis 
in the experimental animal. However, between 1929 and 1932, John Powers,-® 
working in the same laboratory at Haiward where Cutler and Beck had done 
their work, found that he could produce stenosis by cauterizing the mitral 
valve by means of bipolar diathermy, and then infecting the dogs with 
Streptococcus viridans. He then studied the effect of resecting portions of the 
valve, and found that, in every instance, the dog died from the regurgitation 
produced. 

In 1946, as you all knoAv, Bailey^ was operating on a patient "vvith mitral 
stenosis, and was prepared to resect a segment of the valve with a cardio- 
valvulotome. After entering the auricular appendage, he discovered that he 
would be unable to get his instrument through the valve in order to do the 
resection. His medical associates told him that if he didn’t relieve the stenosis 
in some way the patient would die on the table. Suddenly, he remembered 
Soiittar’s article, and pushed his finger through the valve, splitting the com¬ 
missures. Although the patient died a day later, the autopsy revealed the 
fact that the stenosis had been corrected without the establishment of re¬ 
gurgitation. He knew then that Souttar’s operation was the correct one, but 
he had to wait two more years before he had another chance to do the opera¬ 
tion. Then, in June of 1948, he operated on a young woman and succeeded 
in eariying out the operation. Six days later in Boston, D^vight Harken^® 
carried out a similar procedure, but cut along the commissures "with a valvu¬ 
lotome. Three months later in London, Russell Brock® carried out the Souttar 
operation with success. None of these men knew of the other’s work at the 
time. And so Avithin the period of three months, an operation that had first 
been carried out twenty-three years earlier came into its oaati. To Brunton 
must go the credit for fighting for the principle of surgery for mitral stenosis. 
To Souttar goes the credit for perfecting the operation, and to Bailey, Harken 
and Brock go the credit for establishing the operation as a definitive proce¬ 
dure. 

On May 6, 1907, at the meeting of the Philadelphia Academy of Surgery, 
Dr. John IMunro®® of Boston, read a paper entitled, “Ligation of the Ductus 
Arteriosus.’’ So important Avere his remarks at that time that I shall quote 
from his address. He started by saying, “That I may be alloAved to bring this 
suggestion for a neAv operation before your Society, I ask on the basis that it 
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has not been hastily coneeoed On the contiai'j long ago I clemonstiatid its 
technieal possibility on the cadavers of ncwboin children, and felt that it was 
justifiable on the living At various times I have tiied to inspire the pediatric 
spceinlist with my liews, but in rain Now, in view of the leccnt adiances 
in cardiac surgery, foi much of which wc are indebted to the suigeons of this 
city, I will rentuie to place my ideas bcfoie jon, asking that you do not dis 
miss them hastily ” lie then went on to ictoid the ease of a gal baby that 
piesented eiidenee of heart disease, and died aftei seveial weeks without any 
leal cjanosis At autopsy, the onlj abnoimality found was “an open ductus 
aitenosus Ijing easily within loach behind the sternum The simplicitj of 
the lomcdy was so stnking that I at once made fuithei dissettions and 
satisfied myself that it would bo possible to ligate the duct pioiuled s diagno 
SIS could be made befoiehand In rcgaid to making a diagnosis howcier, mv 
pediatric advisera weio not leassuiing ” He then spoke of studies made on 
the ductus, and the cffoit to iccognirc distinctive heart sounds As th ductus 
IS noimallj open dining the fiist few days of life, it was thought that it 
would bo possible to establish the aiiscnltatoiy signs that wcie typical Itom 
examination of manj newborns This did not pioic to be tiiio, although 
Towmsend examined 100 newborn babies dining the fiist thuo dajs ol life 
He then discussed the question of the etiology of delay m closuic of the 
ductus, and said that nothing w ns known about this 

His dcsciiption of the charactciistic findings in a case of patent ductus 
IS still tnie in most lespeets First, lie said that there w-as no cyanosis, except 
occasionally in late life “Cardiac dullness is incioascd latcially, and there 
maj be pi ejection and pulsation of the dullness leftwaids, in the iippei costal 
spaces This piojection is visible by x lays A loud sjstolie w'hii condnoted 
into the cerncal vessels niaj be lieaid, but as a mattei of fact theie aie no 
definite aiiscnltatoiy signs established as yet Of the 26 eases collected le- 
cently, half lived to puberty Death follows fiora atelectasis, geneial oedema, 
pleural exudate, pneumonia, endoeai ditis, etc ” 

AVhy should we eonsidei surgical inteifeicnce in eases of open ductus 
aitenosus? Because in spite of the fact that some cases maj live to pubeitv, 
the chances of which must be small, wc have the one caidiac valvulai lesion 
which IS, lelativelj speaking, siipeificial Fuithermoie, the anomalous vessel 
IS of good size. Its ligation must be followed by instant and peimancnt lostoia- 
tion to a noimal function of the lungs and aiteries, and it can be leaehed by 
a short siiigical loiite ” 

“The operation I would pioposc, as dcmonstiatcd on the eadavei, is as 
follows Undei ethei anesthesia, which I piefer to ehlorofoini in any case 
involving collapse of the lung the steinum can be easily split along its contei 
01 a little to the light, opposite the second costal caitilage This is easily 
done with a knife The steinal halves aic then letractcd, ample loom for 
woiking being obtained The nght pleuial cavity will piobablv be opened 
but the left one will not Judging from analogous cases in siiigeij this 
should not be seiious, but if necessaiy the physiologist’s appaiatiis foi main 
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ts.iiiiiig' ciitificitil rGspirstioii coulcl Ijg cniployccl. I Iicirclly' believe tbst it 
would be needed. After retracting the thymus upward, the pericardium is 
exposed. Its reflection lies so high on the large vessels that the ductus to all 
intents and purposes is intrapericardial. In the upper angle the aorta will be 
seen on the patient’s right and the pulmonary artery on the left. By follow- 
ing close to the aorta toward the under surface of the arch the ductus, as 
large as the aorta itself, ■will be seen as the flr.st vessel to the left pointing 
upward and a little to the right. Both pulmonary branches lie too far 
posteriorly to be seen, and by keeping close to the aorta the main pulmonary 
trmik vdll escape injury. On pushing through the tissues by blunt dissection 
the ductus, theoreticall}'’, should be easily surrounded Avith a ligature. It 
is a question Avhether or not simply crushing it would not accomplish as much, 
and in case of necessity, I believe that it Avould be Avorth trying. After 
closing the anterior pericardial Avmund the sternum can be sutured or not 
and the skin closed. ’ ’ 

“"Would it be justifiable to subject a child to this risk Arithout knoAvdedge 
of the exact lesion? In a ease Avith beginning atelectasis or other eAudenees 
of impending death from circulatory disturbances, Avith a reasonable basis 
for believing that the duct Avere open, it seems as though such an operation 
Avould be justifiable. I doubt if it Avould materially hasten a fatal issue in 
case the diagnosis Avere not confirmed.” 

"Why Avas it then that this operation Avas not attempted? In spite of 
Munro’s remai'ks about the control of pneumothorax by the physiologist’s 
apparatus for maintaining artificial respiration, this Avas rarely used in the 
operating room, and apparently Avas not thought to be of pi-aetical A-alue. At 
that time, surgeons Avere repairing stab Avounds of the heart, draining lung 
abscess and empyema, and resecting chest-AvaU tumors, but they Avere not 
operating in the open chest. It A\'as considered safe to operate on a lung, or 
in the chest, only if the lung Avere firmly adherent to the chest Avail. So that 
it Avas not feasible to undertake an elective operation in the open chest. 
Furthermore, blood transfusion, although successfully done by Crile® in 7 
cases, by arterj’- Amin anastomosis and unmatched blood, had not come into 
use. This AAms four years before jMoss-' demonstrated the four types of blood, 
and blood typing was done. It is time that Landsteiner-®- had demonstrated 
types of blood in 1900 and 1901, but Crile even Avent so far as to say that he 
Avas conAunced that it Avas perfectly all right to transfuse blood from any 
member of a species to any other membei-. Why he had no reactions in his 7 
cases is not knoAAUi. So, blood transfusion Aims not available at that time. 
Who today Avould undertake to ligate a patent ductus AAdthout having blood 
aAmilable for possible use ? 

Thirty years after John Munro had suggested ligation of the patent 
ductus it Avas finally attempted by John Strieder,®® in Boston. Although 
Mimro had described the operatWe approach to the problem he had been 
unable to conAunce any pediatrician that the operation Aims feasible, and so 
never had a chance to do the operation himself. Maude Abbott,^ the great 
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authority on congenital heart disease, in the last article she published (the 
article appeared in Nelson’s Loose Leaf Medicine for 1942, hut she had died in 
1940) said that ligation of the ductus arteriosus had been suggested by 
Miuiro, hut so far as she knew no one had attempted it. kSIic felt tliat this 
ivas fortunate, as she believed that ligation of the ductus would invariably 
lead to production of an endarteritis, and the cud condition would be worse 
than the original one. She did say, howev'cr, that if an obliterated ductus 
caused pressure on the trachea or esophagus it could safely be divided with 
benefit to the i)aticnt. Dr. Ashton Graybiel,*® the cardiologist at the Jlassa- 
chusetts Jlemoi'ial Hospital, felt that ligation of the ductus was a rational 
procedure, and discussed the subject with John Striedei-, and with Dr. John 
Jlunro’s son, Donald, a neurosurgeon. At that time it was not known whether 
or not Dr. llunro had attempted the operation. A search of his papers, and 
of the literature, failed to reveal any evidence of this. John Striedcr’^ then 
carried out dissections in the pathology laboratory on cadavers, and so was 
ready to attempt the operation when Dr. Reginald Fitz referred to him a girl 
who was desperately ill with subacute bacterial endocarditis complicating a 
patent ductus arteriosus. It was thought that ligation of the ductus would 
save her life. The operation was done on March 6, 1937, but it was found 
that the pulmonary artery and the aorta were in contact, and although it was 
possible to separate them everywhere except posteriorly it was impossible to 
pass a ligature around the ductus. He then made an attempt to plicate the 
ductus, and a series of silk sutures were placed with almost complete dis¬ 
appearance of the thrill. She did well for three days and the murmur could 
no longer be heard, but on the fourth postoperative day, she developed an 
acute gastric dilatation and died in spite of everything done to correct the 
condition. At autopsy, it was seen that the vegetations extended from the 
orifice of the ductus downward to the pulmonary valves. This case report 
was given at the Saranac Lake meeting of the American Association for 
Thoracic Surgery on June 1, 1937,^’ during the period for discussion of the 
papers by Bock on “Augmentation of the Coronary Circulation by Operation,” 
and by Blalock on “Tuberculous Pericarditis.” He continued his discussion 
by saying, “We are reporting this in some detail later, but I thought I might 
take the opportunity to present it to the Society in case anyone had thought 
along similar lines and would be interested in trying it as a prophylaeti 
measure in yoimgsters before they already have dilatation and hypertlJiM 
of the heart, and also because 25 per cent of these patients with cOQ^^n 
heart defects die of subacute bacterial endocarditis, or endarteritis. ’ ’ 
ing this presentation, no one at the meeting had any comment to mak^^M 
following year in the American Heart Journal, Graybiel, Striedei-, and 
reported the case in more detail. In the conclusion to fhe article he saio^^ 
in the future, in addition to ligating the ductus, he would attempt 
literate the adjacent portion of the pulmonary artery so as to remove aiith? 
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vegetations from direct contact with the blood stream, and iri allowing the 
natural defense forces to kill the bacteria. He also said that the vegetations 
might be removed by a modified Trendelenburg operation. 

In 1939, John Hubbard’^^ was in charge of the Congenital Heart Clinic at 
the Children’s Hospital in Boston. He was interested in someone’s attempt¬ 
ing to correct surgically some of these congenital defects. He got Eobert 
Gross^^ interested in the subject and they decided that the ductus was the 
first to attack. They were familiar with Mnnro’s ai’tiele. Gross then worked 
in the surgical research laboratory at Harvard, with Cutler’s backing, and 
then on cadavers, to perfect an approach to the ductus. He had not been 
present at the meeting of this Association in Saranac Lake when Strieder made 
his comments, had not seen his article which appeared the following year, and 
did not pez’sonally know him at the time. He was therefore unaware of the 
attempt made by Strieder to ligate the ductus. In August, 1938, he operated 
on a young child with an uncomplicated patent ductus and succeeded in 
ligating it. The child recovered and the fame of the operation spread through¬ 
out the world. 

And so I have talked about some matters that are known to many of you, 
and have brought fresh light to bear on them. It is not that I want to destroy 
any reputations, rather do I wish to add to the illustrious list known to every¬ 
one, the names of some less well known but surely deserving of attention. I 
hope that I have succeeded in this attempt. 
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OBSERVATIONS ON A CONSERVATIVE APPROACH TO 
NONMALIGNANT LESIONS AT THE CARDIA 

P. R. Allisox, F.R.C.S., F.A.C.S.(Hois.) 

Oxford, England 


S O long as excision of the cardia is accepted as the best treatment yet available 
for carcinoma of this region, extirpation should be as complete as possible. 
The function of the cardia has alreadj'^ been destroyed bj^ the growth. The aim 
of the surgeon, therefore, is first to eradicate the disease, and only second to 
repair the defect bj^ a method which will give the least postoperative discomfort 
or complication. In the surgery of nonmalignant lesions, however, there must 
be a greater concern for the preservation or re.storation of normal function. 

While radical total gastrectomy for carcinoma and reconstruction by a 
Roux loop represents one extreme, at the other there is the reduction and fixa¬ 
tion of a diaphragmatic hernia which restores the cardia to its natural state. 
Between these two, there are fields which have become much more interesting- 
to explore. 

Cardiospasm suffered too long from an overardent surgical approach before 
the simple myotomy of Heller became Avidely accepted, but this operation is now 
one of the most effective conservative measures at the cardia, and, for cardio¬ 
spasm is used to the exclusion of aU other open operations. Endoscopic dilata¬ 
tion by one of the many types of inflatable balloon may be considered equally 
conservative and yet simpler to perform but, although tiais still has an important 
'place in the treatment of uncomplicated cardiospasm, it can have certain dis¬ 
advantages: it is not always effective for as long a time as myotomy; it is le.ss 
certain in its immediate result; and it may so stretch the hiatus and the fascial 
connections of the cardia that incompetence may occur. If it is performed 
successfully for a patient in whom cai’diospasm is associated with hiatal hernia, 
incompetence is inevitable, and the same is true if cardiospasm is complicated 
by prolapse of the cardia into the abdomen. Reflux of digestive juices into the 
dilated and inert e.sophagus of cardiospasm, however it is produced, causes 
severe ulceration, bleeding, and perhaps stenosis, for any of Avhich complications 
resection may be necessary. Laxity at tlie hiatus, prolapse of the cardia into 
the abdomen, or a true hernia can be detected and repaired during the open 
operation, and so the severe complication of peptic esophagitis may be avoided. 
These points are illustrated by the folloAving case histories. 

1 ._^L. H., a man aged 59, complained that for one year food had lodged behind 

the lower end of the sternum. It often returned mixed with large quantities of mucus. 
There had been no loss of weight. The radiograph showed an elongated, dilated esophagus 
with a smooth tapering obstruction at the cardia (Fig. 1). At esophagoscopy, the mucous 
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membrane ■nas redundant but clean, and the caidia soft. The mstiument r\as passed into 
the stomach Arithout diflSculty, and the cardia was dilated with the Kegus liydrostatic bag. 
After tliis, the d 3 "sphagia was temporarih’ iclieied but the patient complained of heart¬ 
burn and belching. Eight months later, when dj’sphagia returned, radiograplij' showed the 
esophagus reduced in size but with a rigid aiea at the lower end suggesting a fibrous stric¬ 
ture (Pig. 2). The presence of ulceration and stenosis was confirmed by esophagoscopy. 
The ulcerated section was resected and esophagojejunostomy performed (Fig. 3), when it w-as 
noted that the cardia ivas 5 cm. above the hiatus. Histology of the specimen showed a 
benign ulcer. Fibrinopurulent exudate covered a floor of granulation tissue A\hich A\as in¬ 
filtrated by polymorphonuclear and eosinophil leukocytes and several large foci of lympho¬ 
cytes. Beneath this was a zone of more cicatrized fibrous tissue, 3 mm. deep, and scar tissue 
extending into both muscle coats. He regained his lost weight and has been active and 
without symptoms, on a normal diet and intermittent liver therapy, for five j'ears. 
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the dome of th’e diaphragm being incised to allow inspection of tlie cardia befoie any trac 
tion was applied. Se\cn centimeters of greatly hypertrophied esophagus lay in tlie abdomea 
Myotomy ^^as performed at the cardia, and the esophagus was then drawn up into the 
mediastinum. The fascia was sutured and the hiatus reduced to its uornml size as in the 
treatment of hernia (Fig. 5). Relief was complete and no esophagitis occurred. After 
observation for four years without symptoms, the patient was discharged. 

Case 3.—E. G., a woman aged 56, complained of regurgitation and vomiting for forty* 
nine years, and moie severe dysphagia for two years- Tlie djsphagia was always woisc 
when she was excited. Radiography showed a dilated esophagus with a smooth obstruction 
at the cardia which was tj'pical df cardiospasm (Fig. 6). AYhen enough barium had pas'^ed 
tVwi fvU \\\z vvf c. vlw. 5 h.rs.gw\e.tvc, l.vetwv.v bc'i 0 .wwi (Fvg. 

7). No esophagitis was detected at esopliagoseopy, and the cardia was soft to the passage 
of bougies. The patient was operated upon by Mr. G. H. Wooler who confirmed the anatomic 
abnormality, performed a myotomy at the cardia, and repaired the hernia. 



Fig. 0 


Fig. 7. 


Fig. 

Fig 


—Case 3 . RadiograpH of an apparently uncomplicated cardiospasm. 

Case 3. A radiograph shows the esopharus nearly empty Stomach 
compression demonstrates hiatal hernia complicating cardiospasm 


filled 


Sometimes the function of the cardia may be destroyed by faulty surgery 
and the question of its restitution arises. TIic situation is not necessarily hope¬ 
less and may be retrieved so long as deep fibrous scaiTing has not replaced the 
muscle elements, as tlie following example demonstrates. 

C\SE 4.—D. H., a Woman aged 39 years, had suffered for many jears from pulmonary 
tuberculosis for which ghc had had a Tight-sided attificial pneumothorax and thomcoplast). 
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For ten years slie complained of retrosternal discomfort wliicli nas exaggerated by domestic 
anxieties. A radiographic examination showed a very active esophagus which, perhaps mis¬ 
takenly, was diagnosed and treated as cardiospasm. The surgeon who performed the opera¬ 
tion thought to increase the effectiveness of esophageal myotomy by incising the crural 
fibers on the left lateral side of the hiatus. After this, discomfort was greatly increased, 
the cardia incompetent (Fig. 8), and the esophagus was found to be extensively inflamed 
and superficially ulcerated. As no fibrous stenosis had developed, an operation was done 
to restore the competence of the cardia. The muscle fibers of the crus were found to be 
widelj' retracted where they had been cut, and the gap was filled with omental fat. The 



Fig-. S. Fig 9. 


Pig, S.—Case 4 A radiograph showing a patulous cardia after Heller myotomy and 
division of the crus on the left side of the hiatus. Cushing clips on cut edges of esophageal 
muscle. 

Pig, g —Case 4. Kestoration of normally functioning cardia by suture of muscle and 
fascial elements. The Cushing clips are 1.5 cm abo\e the cardia The narrowing 4 cm. above 
this is apparent only, and caused by marked traction to the right of the mediastinum from 
pulmonary tuberculosis 

liiatus was tery wide. Tlie muscle of the esophagus also had retracted where the Heller 
myotomy had been performed and two Cushing clips had been applied to its cut edges. The 
mucous membrane w as covered by a thin layer of fibrous tissue only. This tissue was excised, 
and the muscular coat of the esophagus was carefully freed and then approximated by fine 
interrupted catgut sutures. The scar tissue in the diaphragm was excised and the crural 
fibers sutured. The liiatus was then further reduced in size by one stitch in front of the 
esophagus and three behind. The dome of the diaphragm was incised and the ligaments of 
tlie cardia sutured to its under aspect by six interrupted silk sutures, as for a simple 
hernia. After tliis the esophagitis cleared up, and radiography confirmed that the cardia 
was competent (Fig. 9). 
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For ten years she complained of retrosternal discomfort -n’liich nas exaggerated by domestic 
anxieties. A radiographic examination showed a veiy active esophagus -which, perhaps mis¬ 
takenly, was diag-nosed and tieated as cardiospasm. The surgeon who performed the opeia- 
tion thought to inciease the effectiveness of esophageal myotomy by incising the crural 
fibers on the left lateial side of the hiatus. After this, discomfort was greatly increased, 
the cardia incompetent (Fig. 8), and the esophagus was found to be extensively inflamed 
and superficially uleeiated. As no fibrous stenosis had developed, an operation -was done 
to restore the competence of the cardia. The muscle fibers of the crus were found to be 
widely retiacted where they had been cut, and the gap was filled with omental fat. The 



Fig. S.—Case 4. A radiogiaph showing a patulous caidia after Heller myotomy and 
division of the crus on the left side of the hiatus. Cushing clips on cut edges of esophageal 
muscle. 

Fig. 9.—Case 4. Restoration of normally funetiomng cardia by suture of muscle and 
fascial elements. The Cushing clips are 1.5 cm above the caidia The narrowing 4 cm. above 
this IS apparent only, and caused by marked traction to the right of the mediastinum from 
pulmonary tuberculosis 


hiatus nas very wide. The muscle of the esophagus also had letiacted -where the Heller 
myotomy had been performed and two Cushing clips had been applied to its cut edges. The 
mucous membrane u as covered by a thin lajmr of fibrous tissue only. This tissue was excised, 
and the muscular coat of the esophagus was carefully fieed and then approximated by fine 
interrupted catgut sutures. The scar tissue in the diaphiagm i\as excised and the crural 
fibers sutured. The hiatus was then further reduced in size by one stitch in front of the 
esophagus and three behind. The dome of the diaphragm was incised and the ligaments of 
the cardia sutured to its under aspect by six interrupted silk sutures, as for a simple 
hernia. After this the esophagitis cleared up, and radiography confirmed that the cardia 
was competent (Fig. 9). 
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For ten years sire complained of retrosternal discomfort wliich was exaggerated by domestic 
anxieties. A radiograpbic examination showed a very active esophagus which, perliaps mis¬ 
takenly, was diagnosed and treated as cardiospasm. The surgeon who perforirrcd the opera¬ 
tion thought to increase the effectiveness of esophageal m 3 'otomy by incising the crural 
fibers on the left lateral side of the hiatus. After this, discomfort was greatly increased, 
the cardia incompetent (Frg. 8), and the esophagus was found to be extensively inflamed 
and sapetflcially nicerated. As no fllrtons sterrosrs had developed, an operation was done 
to restore the competence of the cardia. The muscle fibers of the crus were found to be 
widely retracted where thej’ had been cut, and the gap was filled with omental fat. The 



Fig-. S. Fig. 9. 


Fig. 8.—Case 4. A radiograph sliowing a patulous cardia after Helier myotomy and 
division of the crus on the left side of the hiatus. Cushing clips on cut edges of esophageal 
muscle. 

Fig. 9.—Case 4. Restoration of normally functioning cardia by suture of muscle and 
fascial elements. The Cushing clips are 1.5 cm. above the cardia The narrowing 4 cm. above 
this is apparent only, and caused by marked traction to the right of the mediastinum from 
pulmonary tuberculosis 

hiatus was very wide. The muscle of the esophagus also had retracted where the Heller 
myotomy had been performed and two Cushing clips had been applied to its cut edges. The 
mucous membrane was covered by a thin laj-^er of fibrous tissue only. This tissue was excised, 
and the muscular coat of the esophagus was carefully freed and then approximated by fine 
interrupted catgut sutures. The scar tissue in the diapliiagm was excised and the crural 
fibers sutured. The hiatus was then further reduced in size by one stitch in front of the 
esophagus and three behind. The dome of the diaphragm was incised and the ligaments of 
the cardia sutured to its under aspect by six interrupted silk sutures, as for a simple 
hernia. After tliis the esophagitis cleared up, and radiography confirmed that the cardia 
was competent (Fig. 9). 
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Case 5—T, a man aged 46, corapHined for eighteen months of d^spli-igm, belcli 
mg, regurgitation of food, and “gurglings’* high in the epigastrium He had al'to lost 
weight and energy Radiographj showed the crater of a simple gastric ulcer on the leaser 
cur\aturc of the stomach, at the cardia (Fig 12) This ulcer could not be seen through 
the csophagoscope but the cardia was so distorted that a bougie could not be pa'ssed into the 
stomach The lesion was exposed through a left thoracoabdominal incision Tlie esophagus 
looked and felt normal, but there was an induration of the stomadi around the cardia The 
stomach was rotated forward, the lesser sac opened, and an incision made m the posterior 
wall of the stomach so that the ulcer could be inspected and palpated fiom within A tight 



Fig 12 


Fig 13 


Badlograph which shows simple gastric ulcer crater on the Ie‘iser 
curvature just below the entrance of the esophagus Into the stomach 

^ 5 One jear after resection of the cardia and leanastomosls The depio*! 

Sion seen just below the entrance of the esophagus into the stomach is caused by klnhing and 
IS not an ulcer crater 


fibrous stricture was felt to encircle the cardia completely, ind this wa*? associated with 
ulceration on its gastric side The cardia was isolated and cleaned on tlie outride, and tlicn 
resected The resulting hole in the stomach was reduced m size by a few interrupted catgut 
stitches and then the anastomosis was made, the mucous membrane and muscle layers being 
joined separately by interrupted catgut As the exploratory hole in the back of the stomach 
was still open, the finger was inserted here and the anastomosis felt to be quite ‘miooth 
on the inside The stomach was cleaned by suction and the hole in its posttnor wall clo'^cd 
Tlie fascia of the esophagus was stitched to the under aspect of the diaphragm as m the 
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Some of the greatest difficulties arise in the treatment of the simple stenoses 
arising from peptic nleers, and the problems vaiy according to the exact site 
and the morbid anatomy of the nleers. The common esophageal ulcers in 
squamous epithelium associated with hiatal hernia maj'^ be verj^ long, medium, 
short, or even weblike (Fig. 10), but more rarely an esophagus of normal length 
may be obstueted at its lower end by tlie fibrous reaction around a gastric ulcer 
very high up on the lesser curvature (Fig. 11). These all present different 
surgical prolhems and are therefore considered separately. 



A B 

jTjg 11— A, Simple gastric ulcer high on the lesser cur\ature adjacent to the cardia. B, Three 
years later Paitial healing iMth fibrosis obstructing the esophagus. 

Esophageal Stenosis From High Gastric Ulcer.—A benign gastric ulcer 
in a normally placed stomach, adjacent to the eardia, and causing esophageal 
obstruction has been encountered by the author six times It may be difficult 
to be certain that the ulcer is not malignant. For this reason and because the 
possibility of reconstructing the cardia was not appreciated, it used to be 
resected, and continuity was restored by esophagojejunostomy. IMore recently, 
an effort has been made to resect the stenosis locally and to anastomose the 
esophagus to the stomach afresh, retaining the angle of entry, and suturing the 
fascia in such a way that the crus of the diaphragm encircles the lowest part 
of the esophagus and lies snugly in the angle between it and the fundus of the 
stomach. TliFs may be illustrated by the following ease report. 
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Case 5—^P T, a man aged 46, complained for eighteen months of tljsplngia, belch 
mg, regurgitation of food, and ^'gurglings** high in the epigastrium He had also lost 
•^^elght and energy Eadiographj showed the crater of a simple gastric ulcer on the lesser 
cur\ature of the stomach, at the cardia (Fig 12) This ulcer could not be seen through 
the esophagoscope but the cardia was so distorted that a bougie could not be passed into the 
stomach TJic lesion was exposed through a left thoracoabdominal incision The c'^ophagus 
looked and felt normal, but there ^'as an induration of tho stomacli around the cardia Tlie 
stomach was rotated forward, tho lesser sic opened, and an incision mule in the posterior 
wall of the stomach so that tho ulcer could be inspected md palpated from within A tight 



Fig 12 Pig 13 

Fig 12—Case 6 Radiograph which shows simple gastric ulcer crater on the lesser 
curvature just below the entrance of the esophagus into the stomach 

Fig IS-—Case 5 One 5 ear after resection of the cardia and reannstoniosis The clepres 
Sion seen just below the entrance of the esophagus. Into the stomach is caused by kinklnt and 
is not an ulcer crater 

fibrous stricture was felt to encircle the cardia completely, and this was associated with 
ulceration on its gastric side The cardia was isolated and cleaned on the outside, and then 
resected The resulting liolo m the stomach was reduced in size bj a few interrupted c itgut 
stitches and then the anastomosis was made, the mucous membrane and muscle hivirs being 
joined separately by interrupted catgut As the cxplontorj hole in the back of ♦ 
was still open, the finger was in«ierted here and the anastomosis felt to be 
on the inside The stomach was cleaned bj suction and the Jiole m its postr 
The fascia of the esophagus was stitched to the under aspect of tho 
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Some of the greatest dif6eiilties arise in the treatment of the simple stenoses 
arising from peptic ulcers, and the problems vaiy accoi'ding to the exact site 
and the morbid anatomy of the nlcers. The common esophageal nlcers in 
squamons epithelium associated with hiatal hernia may be verj^ long, medium, 
short, or even weblike (Fig. 10), but more rarely an esophagus of normal length 
may be obstucted at its lower end by the fibrous reaction around a gastric ulcer 
very high up on the lesser curvature (Fig. 11). These all present different 
surgical problems and are therefore considered separatelj^ 



A. B. 

i'lg 11— A, Simple gastric ulcer high on the lesser cur\ature adjacent to the cardia. B, Three 
years later Partial healing ^^^th fibrosis obstructing the esophagus 

Esophageal Stenosis From High Gastric Ulcer .—A benign gastric ulcer 
n a nonnally placed stomach, adjacent to the cardia, and causing esophageal 
ibstruetion has been encountered by the author six times. It may be difficult 
:o be certain that the ulcer is not malignant. For this reason and because the 
possibility of reconstructing the cardia was not appreciated, it used to be 
lesected, and continuity was restored by esophagojcjunostomy. IMore recently, 
in effort has been made to resect the stenosis locallj^ and to anastomose the 
isophagus to the stomach afresh, retaining the angle of entry, and suturing the 
cascia in such a Avay that the crus of the diaphragm encircles the lowest part 
if the esophagus and lies snugly in the angle between it and the fundus of the 
stomach. This may be illustrated by the following ease report. 
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Case 5—^P. T., a man aged 4C, complained for ciglitecn montlis of rh^plngn, belcli 
mg, regurgitation of food, and “gurglings** Ingli in the epigastrium lie Imd al<50 lost 
neight and energy. Radiography showed (he crater of a simple gastric ulcer on the lob-^er 
curvature of the stoiuaeli, at the cardia (Fig 12). Tins ulcer could not bo scon tlirough 
the csophagoscopo but tho cardia was so distorted that a bougie could not be pa‘?scd into the 
stomach The lesion was exposed tlirough a left thoracoabdominal incision The o«:opliagii‘< 
looked and felt normal, but there was an induration of thi ‘?tom'ieh around the tardn The 
stonneh was rotated forward, the lesser sac opened, and an inci'^ioii muh in tlie po-^teruir 
wall of the stomach so that the ulcer could be inspected and palp itcd from within A tight 



ciirv-ini? ® Radiograph which shows simple gastric ulcer crater on tlie looser 

curvature just below tho entrance of the esoplingus Into Iho stonmcli 

sinn 13 ~-Casc 5 One year after resection of the cardia and reaimstoniosis 

below the entrance of the csopImKiw Into the stomneh Is caused bj kinking and 
la not an ulcer crater 


fibrous stricture was felt to encircle the cardia (•ompieteU, nnd this was associated with 
ulceration on its gastric side The cardia was isohittd and cleaned on tho outside, and tlicn 
resected The resulting hole in the stomach was reduced in size hy a few interrupted catgut 
stitches and then the anastomosis was made, Iho mucous meinbnnc and muscle layers } 
joined separately by interrupted catgut As tin. (xploratory hole in the back of the 
nas still open, the finger was inserted here and tJic nimstomosjs felt to lie 
on the inside The stomach was cleaned bj suction nnd the hole m its ^ 

The fascia of tho esophagus was stitched to tlie under aspect of tho ^ 
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Some of the greatest difficulties arise hi the treatment of the simple stenoses 
arising from peptic ulcers, and the problems vaiy accoi'ding to the exact site 
and the morbid anatomy of the ulcers. The common esophageal uleei's in 
squamous epithelium associated with hiatal hernia may be veiy long, medium, 
short, or even weblike (Fig. 10), but more rarely an esophagus of normal length 
may be obstucted at its lower end by the fibrous reaction around a gastric ulcer 
very high up on the lesser curvature (Fig. 11). These all present different 
surgical problems and are therefore considered separately. 



A. B. 

Tig 11 — A, Simple gastric ulcer high on the lesser cur\ature adjacent to the cardia B, Three 
years later Partial healing with fibrosis obstructing the esophagus 

Esophageal Stenosis From High GasUnc Ulcer .—A benign gastric ulcer 
in a normally placed stomach, adjacent to the cardia, and causing esophageal 
abstruction has been encountered by the author six times It may be difficult 
to be certain that the ulcer is not malignant. For this reason and because the 
possibility of reconstructing the cardia was not appreciated, it used to be 
resected, and continuity was restored by csophagojejmiostomy. jMore recently, 
an effort has been made to resect the stenosis locally and to anastomose the 
esophagus to the stomach afresh, retaining the angle of entry, and suturing the 
fascia in such a vay that the crus of the diaphragm encircles the lowest part 
of the esophagus and lies snugly in the angle between it and the fundus of the 
stomach. This may be illustrated by the following case report. 
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mucous mcmbiane can be lilted fioiii its co\clink's as an intact tube Second, 
although It niaj be possible, in the picscnce ot a shoit stenosis, to icdiico a 
sliding hoiiiia, coiiipctciicc of the c udia is not thcicbi attained, ±oi this de 
pends, not onh on the position ol the eaidia in lolition to the diapliiagniatie 
Cl us, but also on the soft eompliaiicc ot all laeeis of the esophagus at the jiinc 



I’lh 11—Incision of the i)iu«cular coat of the esoph-igus above i stricture and its separation 
from the mucous iiitmbianc 

tioii ot this uitli the stomach The piesenee of iiiduiatioii or fibious scaiiiiig at 
the caidii, with the iiiabilitj of the walls to collapse iii i espouse to \ciy light 
piessuic, uill allow lelliix into the esophagus with all tint that entails oven 
though the eaidia is iii its noiinal relation to the diaphragm The o]Hnatioii 
theietoie consists of icscctioii ot the submucous stiicture from beneath the 
iiiiiscle layeis 

Thiongh a left thoiacotoiiij incision the csoiihagus and stomach aie iso 
lated within the mediastinum, leasing the sagus neives adheiciit They ate 
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repair of hiatal hernia, and a gastrostomy was performed. This last was to allow aspira¬ 
tion of the stomach in the immediate postoperative period, for some of the vagal fibers liad 
been cut and others 'almost certainly injured. The patient had a little dysphagia in the 
first few days after operation, intermittent slight dysphagia for .‘-olid meat during the ne.xt 
two months, and since then has been completely free from trouble. Dr. A. S. Johnstone 
examined him radiograpliicaUy one year after operation, and found slight kinking at tlie 
anastomosis, no ulcer, no obstruction, and only occasional slight reflux with compression 
of the abdomen (Fig. 13). 

Mr. G. H. Wooler lias had a similar patient in whom he resected the eardia 
and anastomosed the esophagus to the stomach, joining the mucous membranes 
as far down the lesser curvature as he could, and then burying the abdominal 
esophagus in a tunnel of gastric muscle. Although the patient developed some 
fibrous stenosis, this gradually stretched until he could eat a full meal in 
comfort, and no reflux into the esophagus occurred. 

SJioti; Esophageal Stenosis Associated With Hiatal Hernia .—A short steno¬ 
sis is taken to mean anything from a fine web to something under 1 cm. in 
length. Some of these strictures are obviousl 3 ’- of the same morbid auatomj' as 
the long ones, that is, an accumulation of inflammatoiy cells and fibrous tissue 
raainlj’' in the submucous laj’^er of the esophagus. There are others, however, 
the occurrence of which has been stressed by Ingelfinger and Ea*amert and by 
Sehatzki and Gaiy- and called the lower esophageal ring, where the pathology 
may be slightly different. A surgical approach and findings at operation in 2 
patients have recentl}' been described bj’’ Bugden and Delmonico.^ These ob¬ 
structions are of a diaphragm-like appearance, concentric, and of a constant 
diameter. Thej' occur at the lower end of the esophagus and, in the patients 
so far observed, are associated with a sliding diaphragmatic hernia. As the 
symptoms in these patients are not alwaj's very severe and max*, in fact, with 
proper mastication, be absent altogether, there has been no indication to oper¬ 
ate upon man}-’ of them, so that the detailed pathology of the condition is still 
^/a matter for discussion. Their association with diaphragmatic hernia makes 
it difficult to dissociate them from esophagitis and the author’s suggestion is 
that they resemble the webs seen in the cricopharyngeal region and that they 
occur by the coalescence of kissing superficial ulcers with attentuation of the 
fine granulations by movement, and ultimate replacement by fibrous tissue and 
an epithelial overgrowth. If this were true, they would differ from the short 
fibrous stenosis in that they result from superficial infiammation only, whereas 
the short fibrous stenosis results from the penetration of inflammatory processes 
into the submucoim layer of the esophagus. The position may be a little more 
complicated than this for, in some patients operated upon by the author, there 
has been unmistakable evidence in the stricture of smooth muscle hypertrophy 
with or without adniLxture with fibrous tissue, and this in the absence of hj’per- 
trophy above the obstruction. 

The surgical approach to the problem does not differ in character whether 
the patient presents a web obstruction or a short fibrous stenosis. It is based 
upon two conceptions. First, it is time that the muscular wall of the esophagiis 
separates verv easily from the mucous layer. If a longitudinal incision be made 
in the muscle and blunt dissection be carried out in the submucous layer, the 
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uuicous niciul)ia)tc can be lilted iioni its io\eiiiiy.s as «tu intact tube Second, 
altbougli it maj be possible, in the picsoiice ot a slioit stenosis, to i educe a 
sliding lieiiui, coiupclence of the Ciiidia is not llieieb) attiiined, loi this de 
pends, not oiih on the position of th< caidia in lelation to the diapliiaginatic 
cuts, but also on the solt coinplian(.c of all laicis ot the csopliigns at the nine 



I'll, ll—Incision of the muscular coat of the esophagus ahote a stricture and its separation 
fioni the mucous membrane 

tion ot tills with the stomach The piesenee of indmation oi hbions scaiinig at 
the eaidia, ivith the iiiahilitj of the walls to collapse in lesponse to sci\ light 
piessiiie, Mill alloM iclliix into the tsopliagus with all that that entails even 
thougli tlie caidia is in its noiiiial i elation to the diaphragm The opeiatioii 
tlieieioie consists of lescctioii of the submucous stiictiirc fiom beneath tiie 
muscle la>cis 

Tluougli a left tlioiacotomj incision the esophagus and stoniaeli aie iso 
lated Mitliin the nicdiastiiiuin, leaving the vagus iieivcs adliciout They are 
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rotated forward and a longitudinal incision made in the posterior wall start¬ 
ing 2 cm. above the cardia and passing upward for 3 cm. The incision passes 
down to the submucous layer; small retracting stitches are placed through the 
edge of the muscle, and blunt dissection carried out with fine scissors until the 
tube of mucous membrane is free all the way round. A string is then passed 
round the mucous membrane and gentle traction applied to lift it out of its 
bed while the incision in the muscle coat is carried down very carefully over the 
cardia on to the stomach. This prolongation of the incision is made with fine 
curved blunt-ended scissors which, in their opening action are used for blunt 
dissection in the submucous layer, and in their closing action cut the muscle 
layer. In this way the stricture is exposed (Figs. 14 and 15), It may be ex¬ 
cised in whole or in part according to the findings at operation. The mucous 



Fig-. 15.—Preliminary section removed from the stiicture without injury to the mucosa. 


membrane can sometimes be left intact but, if injured or excised, it can be 
repaired with fine interrupted catgut stitches. Complete hemostasis is secured 
and the muscle layers lightly sutured back into place. The hernia may then 
be reduced, the fascial connection of the cardia repaired below the diaphragm 
and the liiatus closed lightly around the cardia. 


Case 6._H. H., a man aged 59, complained of dysphagia for eight weeks. Food lodged 

at the lower end of the sternum causing discomfort but no pain. Regurgitation was most 
marked when riding in a bus after breakfast. The patient was very fat and short of 
breath but there were no abnormal physical findings. Badiogiapliy showed a ringlike stenosis 
at tire loner end of the esophagus (Pig. 16). It was tight and short, and immediately below 
it was a pouch of herniated stomach (Fig. 17). The rest of the stomach and duodenum was 
normal Esophagoscopy was difficult because of a very rigid back, but no superficial esopha¬ 
gitis was seen At the lower end, a soft ulcerated stricture was seen partly obscured from 
Love by edematous folds of esophageal mucosa. A biopsy from the stricture sliowed strati¬ 
fied squamous epithelium partly covering scarred connective tissue stroma Operation was 
nerformed on Sept. 29, 1954, as already described. As so often happens, the exact level of 
fte stricture could not be determined from the outside, and as a rather imperfect view had 
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been obtained through the csophagoseope, a stomach tube ivas m«e,I ti„ i 
2 cm. above the apparent card.a at the level nhere the Xeno e,„i, J , , 
fleeted from tlio surface of the esophagus When tlio muscle hif 

thick ring of fibrosed muscle iias foumfat the sRe o ,^0 stne 1 A X “ 

evcised over about one half the cireumference of the esonhaXsXnt “r" i 
It showed smooth muscle with some fibrous tissue replacement and a fewXenfX^.' The 



Fig IG 


ig 17 

1^1 g 1 6 G G R HI ^ ig 1S 

clearly visible ‘■'■'"'alol stomach, not demonstrated on the previous film. 


Fig 18—Case 6 a r.nc.* 

reSi “enm SmikJiy t"det*““'™ rMdny"!o th^'" Present 

y to uetGriorate, '^*^**y to the passage of a bolus and in the ab'-ence of 


mucosa nas opened so that the m, i 

at tlie site so that the e^act could be inspected There uas superiicial ulieration 

biopsy abo\c tlie stricture gastric mucosa could not be determined A 

connecti\e tissue uith fibrosis ^ squamous epithelium; at the stricture there waa 

meat of squamous epithelium ” ®^^onjc inflammation, a little smooth muscle, and a fra^- 
^^as excised from the cardia* the stricture edematou* conuectne tiS'ue JIurh fat 

formed so that the stomach c hernia treated A. temporary ;jastroston)\ was per 

plctely relieved and a barium ^ aspirated after operation. The patient na^ com 

tion, the cardia m its nrnn^.. months later shotted no obstmetion, no dilata 

Cv.!" sr no reflux (Fig 13>. 

CVS! i. b L, a man aced — 

a ringhko constriction at the I d>sphagia for fifteen years and radiographs show*',] 

end of the esophagus (Fig. 19), and a sliding henua, with 
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the cardia 5 cm. above the hiatus. At esophagoscopy the obstruction looked like a web 
through which a small swab could Ije passed and withdrawn. As this was done, the web 
was pushed down or dragged up by the swab and was felt to be very resilient. An opera¬ 
tion similar to that described above was performed. The presence of a liernia was con¬ 
firmed (see Fig. 14). There was no hypertrophy of the muscle above the stricture and tlie 
obstruction itself was found to be caused by a tliickened band of circular muscle imme¬ 
diately above the stomach, 7 mm. long and 3 to 4 mm. on cross section (see Fig. 15). It 
felt slightly fibrous when cut, but histologic examination showed only hypertrophied smooth 
muscle. The hernia was reduced. The patient remained free from symptoms and tlie cardia 
was shown to be competent when examined ladiographically (Fig. 20). 



Fig. 19. 20 


Fig. 19.—Case 7. Low'er esophageal ring. 

pjg. 20._Case 7. Radiograph winch shows appearance after operation. No obstruction 

and no reflux. 


Case 8.—B. B., a woman aged 56, had liad severe heartburn and vomiting with each of 
three pregnancies. After that she had no discomfort until the age of 47 when she had 
pneumonia followed by heartburn and epigastric discomfort. After a strangulated inguinal 
hernia at the a-^e of 52, she complained of persistent epigastric and retro.sternal pain going 
throuo-h to the^back but not related to swallowing, attacks of vomiting which was often 
intens“elv acid, and dysphagia for solid food that had not been very well masticated. Eadiog- 
raphy showed a sliding hiatal hernia with some rigidity of the lower end of the esophagus 
(Fif ’ll Although fluid barium passed tlirougli easily, this part did not dilate like the 
Lst of^the esophagus. The lowest 4 cm. of the esophagus was seen at esophagoscopy to be 
red-raw Just above the mucous membrane of the herniated stomach, there was a crescentic 
fold on'the posterior wall. It was tough but short and a swab could be felt to flip over it. 
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Tlic 01)01 utiou tilioady described was performed for this iiiiticnt. There was no ob\ious 
hypertrophy of the miisclo of the esophagus. Lying trans\orsely m the submucous layer 
immediately abo\c the cardia, and eorrespoiidiiig to the fold seen at esophagoscopy, uas a 
pale (.reamcolored stiucturc looking like a eylindci of rolled-iip fibrin. It uas firm to the 
touch ami sepaiatcd from the overlying muscle and adjacent aieolar tissue with great ease. 
Its surface seemed quite smooth. It was removed without injury to the mucous membrane, 
and oil histologic section was seen to be a mixture of fibrous tissuo and smooth muscle with 
a whorled arrangement reminiscent of a uterine fibroid. The hernia was reduced and the 
patient remains free from symptoms with a competent cardia. 



Fip. 21 Case 8 Itadiograph wlucli demonstmtes sliding hernia with rigidity of the lower 
end of the esophagus. 

^^C(Hltm-Lengtll Esophcycal Stenosis xVssociated With Hiatal Ileniia .—A 
inediiun-lt’iigtli stenosis is considered as one between 1 and 2 cm. long. In this 
giotip only one patient has been treated by the author by submuscuiar resection 
of the stenosis. The operation was performed as described for short stenosis 
except that, when the muscular coats liad been reHeeted, the stricture was com¬ 
pletely excised and the mucous membrane of the esophagus united to that of 
the stomach by a low of fine interrupted catgut suture.s. A more extensive 
mobilization of the esophagus was necessary in older to replace the cardia below 
tile diapliragm. Unfortunately, this patient had bullous empliysema of both 
lungs with severe respiratory incapacity and he died from acute cor pulmonale 
eight days after operation. The respiratory difficulty’- Avas the stimulus to try 
to do a conservative operation for it aa'Us thought that Avith the aid of a tra¬ 
cheostomy lie might survive this Avhereas he aa’ouM not tolerate a major resec¬ 
tion Avith esophagojejunostomy. No conclusions can be drawn from this as 
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reasons; 15 patients received only a few treatments in our department and then 
left the hospital to be treated in other cities, 2 patients with pleural effusion 
wez’e treated with radiogold, and 7 patients had excellent clinical evidence of 
bionchogenic carcinoma but the diagnosis was not proved histologically. Thus, 
there remained 50 proved cases of bronchogenic carcinoma for study. All 50 
of these patients were treated on a 400 kv. constant potential x-ray generator. 
The half-value-layer of the beam was 6.5 mm. Cu. With a beam of this quality, 
5,000 to 6,000 r can be delivered to the tumor through two or three ports. 

The 50 cases were divided into histologic groups as shown in Table I. 

Table I. IIisroLoeic Distribution op Cases 


Undifferentiated eai cinema 20 

Squamous-cell carcinoma IS 

Adenocarcinoma 3 

Malignant but cell type unknown 9 


UNDIFFERENTIATED CARCINOMA 

Analysis of the imdifferentiated group comprising 20 patients proved the 
ineffectiveness of treatment of this type of bronchogenic carcinoma (Table II). 

Table II. Unwfperentiated Carcinoma Group 


Number of patients in group 20 

Number of patients followed 18 

Number of patients dead 17 

Number of patients living 1 

Number of one-year survivals 0 

Percentage of cases surviving one year 0% 

Number of patients with metastases before treatment 9 

Percentage of patients with metastases before treatment 45% 

Average survival time of dead patients in months 4.7 


The average age of this group Avas 55 years. The average duration of time 
between the onset of symptoms and the diagnosis was 2.4 months. Node 
.-metastases outside of the thorax Avere present at the time of diagnosis in 9 
of these 20 patients, or 45 per cent. Not a smgle one of these patients survived 
over elcA'^en months. The average surAuval time for the 17 patients Avho are 
knoAvn to be dead Avas only 4.7 months. One patient is still alive three months 
after treatment and 2 of the cases have no folloAv-up information but both 
were in very poor condition at the completion of their treatment and they are 
presumed to be dead. Five patients received over 5,000 r tumor dose, four re¬ 
ceived betAveen 4,000 and 5,000 r, six received 3,000 to 4,000 r, and the remain- 
ino- 5 received less than 3,000 r tumor dose. The average survival time of the 
patients receiving more than 5,000 r Avas 4.8 months Avhich is almost identical 
to the average survival of the entire group; therefore, it appears that there is 
in our series no demonstrable correlation betAveen total dose and survival time 

in this group. 

SQUAMOUS-CELL CARCINOAIA 

The results obtained by the radiation treatment of this group Avith squamous¬ 
cell carcinoma Avas more encouraging than the preceding one (Table III). The 
averao-e a^e of this group Avas identical AAuth that of the undifferentiated group. 
The average duration of time betAveen the onset of symptoms and the diagnosis 
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M as 2 9 moiitJis ^3 lueli is siimlai to the imdiftei eiitiated gi oup Know n inetastases 
outside of the tlioiav -weie pieseut in only 11 pei cent of this gioup as compaied 
to 45 pel cent in the anaplastic gioup Fifteen of the 18 patients are dead and 
8 of these suivived longei than one jeai The peieeutage of oneyeai surMval 
among the dead patients -was 53 pei cent The a^elage suivnal time of the 
deceased patients u as 114 months This is appiovimately seven months longei 
than the a\eiage siuvnal time foi the deceased membeis of the piecedmg 
gioup Poui of the deid patients suivived eighteen months and 1 siuvncd 
tuenty foiu months Theie is a two and one half yeai sunival among the 3 
living patients and the lemainmg 2 aie alne eleieii mouths and foui months 
posttheiapy, lespeetn ely 

TiDii. Ill SqvuiousCeh Caccinon^ Group 


Number ot patiuita lu group 18 

Number of patiouts folfowotl 18 

Number of piticiits dt iJ 15 

Number of patiejits luiug 8 

Number of one > ear sur\j\al3 among dead 8 

Peruntigo of patients dead sur\mng over one jear 539o 

Number of patients hviug and dead surviving one jear 9 

Percentage of patienta living and dead surviving one jear 50% 

Number of patients living and dead surviving 18 months 5 

Percentage of patients living and diad surviving 18 montlis 28% 
Number of patients living and de ul surviving 24 months 2 

Percentage of patients living and deid surviving 24 months 11% 
Number of patients vvitli nieti-'tiees before tnatmiiit 2 

Percentage of patients with nictislise^ betore tieitjm.nt 11% 

Average «iurvi\ il tmu of «le id pitients m inontlK_ II 4 


Seien of the 18 patients uttneil ovei 5,000 i tumor dobe, 7 iecei\ed be 
tween 4,000 i and 5,000 i, 1 lecened between 5,000 i and 4,000 r, and the le 
mainnig 3 leceiied less than 3,000 i It is difficult to diau any conclusion 
coiiceniiiig; the lelatioiiship betiieeii total doses and simnal time in any seiics 
of cases because theie aie many imiueasiiiable tactois which affect siiiinal 
tune Aiiioiiff these faetois aie the e\teiit of the tuinoi, the pieseiice of 
raetastases, the location of the tuiiioi, and the condition of the patient Dosage 
late is anothei measuiable faetoi which is as inipoitaiit as total dose, yet, it is 
eomiiletely ignoied when sin\ival time is iilottcd against total dose Because 
of these factois, the conclusion that the suiinal time among patients tieatcd 
witk doses in excess of 5,000 i avas 141 months avhile the o\ei all siiniaal time 
ioi the whole gioup avas 114 months is of doubtful significaiiee 

vnrNOCVKCiNOaia 

The aveiage suiviaal tune for this gioup aaas S3 months No othei fact is 
avoith mentioning because of the small size of this group 

HISTOLOGIC antiX UIsKNOWN guoup 

The suiviaal time in this gioup of •) patients aaas only 4 0 iiioiitlis This is 
as pool as the uiidiffcieiitiated gioup The icasoii foi this pool suiaival is not 
apparent hut it is piobably daie to the fact that manj of these patients aaeie 
in veiy pooi condition avlien seen and the diagnosis iiad to he made on the 
micioscopie examination of the bionehial smcais 
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reasons; 15 patients received only a few treatments in our department and then 
left the hospital to be treated in other cities, 2 patients with pleural effusion 
were treated with radiogold, and 7 patients had excellent clinical evidence of 
broiichogenie carcinoma but the diagnosis was not proved histologically. Thus, 
theie remained 50 proved eases of bronchogenic carcinoma for study. All 50 
of these patients were treated on a 400 kv. constant potential x-ray generator. 
The half-value-layer of the beam was 6.5 mm. Cii. lYith a beam of this quality, 
5,000 to 6,000 r can be delivered to the tumor through two or three ports. 

The 50 eases were divided into histologic groups as shown in Table I. 


Table I. Histologic Distribution op Cases 


Undifferentiated cai cinema 20 

Squamous-cell carcinoma 18 

Adenocarcinoma 3 

Malignant but cell type unknown 9 


UNDIFFERENTIATED CARCINOMA 

Analysis of the undifferentiated group comprising 20 patients proved the 
ineffectiveness of treatment of this tjqie of bronchogenic carcinoma (Table II). 

Table II. Undifperextiated Carcino.ma Group 


Number of patients in group 20 

Number of patients followed 18 

Number of patients dead 17 

Number of patients living 1 

Number of one-year survivals 0 

Percentage of cases surviving one year 0% 

Number of patients with metastases before treatment 9 

Percentage of patients with metastases before treatment 45% 

Average survival time of dead patients in months_ 4-7 


The average age of this group was 55 years. The average duration of time 
between the onset of symptoms and the diagnosis was 2.4 months. Node 
metastases outside of the thorax were present at the time of diagnosis in 9 
of these 20 patients, or 45 per cent. Not a single one of these patients survived 
over eleven months. The average survival time for the 17 patients who are 
known to be dead was only 4.7 months. One patient is still alive three months 
after treatment and 2 of the cases have no follow-up information but both 
were in very poor condition at the completion of their treatment and they are 
presumed to be dead. Five patients received over 5,000 r tumor dose, four re¬ 
ceived between 4,000 and 5,000 r, six received 3,000 to 4,000 r, and the remain¬ 
ing 5 received less than 3,000 r tumor dose. The average survival time of the 
patients receiving more than 5,000 r was 4.8 months which is almost identical 
to the average survival of the entire group; therefore, it appears that there is 
in our series no demonstrable correlation between total dose and suridval time 
in this group. 

SQUAMOUS-CELL C^VRCINOMA 


The results obtained by the radiation treatment of this group Tvith squamous- 
ell carcinoma was more encouraging than the preceding one (Table III). The 
,veraoe age of this group was identical with that of the undifferentiated group. 
?he average duration of time between the onset of symptoms and the diagnosis 
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COMMENT 

From tile statistics presented here there is no doubt that the survival time 
following radiation therapy is much longer for squamous-cell carcinoma of the 
lung than for undifferentiated carcinoma (Pig. 1). The average survival time is 


25 



Wig. 1.—A graph demonstrating the rapidity of death in patients with undifferentiated car¬ 
cinoma compared witli the patients with squamous-cell carcinoma. 



, _„(> notipnt with undifferentiated carcinoma demonstrating 

Fig". 2.“—~Cli6st roentgenogram i^vnivpmpnt of the central portion of the left lung and 

a'roSd mSs%%Trudmg from the right side of the mediastinum at the level of the aortic 
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over twice as long foi tlie squaraous cell gioup as it is foi tlie anaplastic gioup 
The one-yeai suivnal late is 0 pei cent foi undifferentiated eaieinonia and 
53 pel cent foi the squamous cell lesions The eighteen-nionth suivival late 



Fife i —Chest appears noimal aftei 3 r had been deli\crc 1 to tl e tumor Jn fifty dajs 



I 'i 

f «! 


5 Vvio 

____ 

lIs 1—Itoenteenograni taken fl\e months after treatment Tumor has recuperated and Is 
now erouiuff uildly throukhout the chest 


foi squamous cell caiciiioma is 27 per cent Although we did not have a con¬ 
trol group of unticated cases, the literatuie has many lepoits of contiol gioups 
and few patients uith bionehogenic caicmoiua sui'iie one yeai after diagnosis 
mthout any form of theiapy The fact that we obtained a 53 per cent one-yeai 
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survival rate after treatment indicates that squamous-cell lesions are benefited 
by radiation therapy. It would then seem to follow that the treatment of 
squamous-cell carcinoma by radiotherapy should be carried out as vigorously 
as possible. This does not hold true for the undifferentiated lesions. The 
survival time in this group is very poor and it is doubtful that radiation 
therapy increases the survival time. There are three factors which account for 
the poor prognosis in anaplastic carcinoma: 

1. They metastasize early as illustrated by the presence of metastases out¬ 
side of the thorax in 45 per cent of the cases treated. 

2. They are rapidly growing and by nature extremely invasive. 

3. Although radiosensitive, they are also rapidly recuperable (Figs. 2, 3, 4). 

SUilWARY 

Vigorous radiotherapy to squamous-cell carcinoma of the limg is justified 
bj" the increased sur\’ival time in treated patients. On the other hand, radio¬ 
therapy of undifferentiated carcinoma should be reserved for the localized in¬ 
operable lesion and it is of doubtful value even in this selected lesion. 
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sui'vival rate after treatment indicates that squamous-cell lesions are benefited 
by z’adiation therapy. It would then seem to follow that the treatment of 
squamous-cell carcinoma by radiotherapy should be carried out as vigorously 
as possible. This does not hold true for the undifferentiated lesions. The 
survival time in this group is Amry poor and it is doubtful that radiation 
therapy increases the surviAml time. There are three factors which account for 
the poor prognosis in anaplastic cai-cinoma: 

1. They metastasize early as illustrated by the presence of metastases out¬ 
side of the thorax in 45 per cent of the eases treated. 

2. They are rapidly growing and by nature extremely invasive. 

3. Although radiosensitive, they are also rapidly recuperable (Figs. 2, 3, 4). 

SUHMARY 

Vigorous radiotherapy^ to squamous-cell carcinoma of the limg is justified 
by the increased survival time in treated patients. On the other hand, radio¬ 
therapy'- of undifferentiated carcinoma should be reserved for the localized in¬ 
operable lesion and it is of doubtful value even in this selected lesion. 
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A DKECT EXPERniENT^VL APPROACH TO THE AORTIC VALVE 
ir ACUTE RETROPBRPUSION OP THE CORONARY SINUS 
Ghmersindo Bl^inco, si D , Alberto Advm, SI D , vnu AgustIn PebnIndez, B S 
S,VN Ju\N, Puerto Rico 

D irect or “open” mtracaidiac suigeiy has evolved veiy lapidly within the 
past five yeais Dming this peiiod it has made the impoitant tiaiisition 
Horn a limited expeiimental appioach to a ividely applicable chmcal pioee 
dure ’ - 

Two basic techniques have been developed by woikeis who endeavoi to 
opeiate within the heait and collect congenital defects, oi acquiied vahular 
lesions, under direct exposui e 

The fiist technique employs the use of hypotheiniia to lower the metabolic 
needs of the body lu this way the eaidiac pump action can be dispensed with 
temporaiily and the eiidilation stopped dining the intiaeardiae operative 
episode “ * Under these cii cumstanecs the suigeon has a limited time for iiitra 
eaidiae manipulations ° “ Aftei this, the laidiae pump action must be lestoied 
if the metabolio debt is to be leveisible, and the iital oigans aie to siuvive 
Aside fiom the time limitation, hypotheiiiiia is fieqiienOy attended by ceitain 
side effects which have been consideied uiidesii.ible The most impoitant of 
these IS ventiioulai fibiillation Intensive leseaich is uiidei way lu oidei to 
gam a moie adequate uiideistanding of the body leactions in hypothermia* 
and, also, to dense means of picienting and tieating these tindesiiable 
phenomena 

The second "open” technique is one in which the heait and lungs of a 
noimotheimio subject aie bypassed by a mechanical pump ovygenatoi,® “ oi 
by the heait and lungs of a donoi'" (cioss cnculation), and the gieatei as veil 
as the coioiiaiy circulation aie suppoitcd by an aoitic peifusion of aiteiial 
blood (from pump ovygenatoi oi donoi) <at adequate piessuies 

None of these techniques has achieied isolation of the heait in vivo By 
this we mean complete independence of this oigaii liom the gieatei oneulation 
perfusion system 

Again, none of these methods has succeeded in allouing an appioach to 
the legion of the aoitic vahe with impunity Entiance into this region ex¬ 
poses the coionaiy ostia to the flee an with icsultmg coionaiy an embolism, 
veiitiiculai fibiillation, and death If entiy is attempted while aoitie pei- 
fusion IS going on, immediate death would losult fiom massive bleeding and 
loss of perfusion piessuie 
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During the past year, a series of experiments^^ has been carried out in 
this laboratory with the aim of developing a technique whereby the following- 
criteria were satisfied: 

1. Isolation of the heart from the greater circulation. This involves main¬ 
tenance of the greater and of the coronary circulation by independent means. 

2, Development of a technique whereby entrance into the region of the 
aortic valve and exposure of the coronary ostia would not be accompanied by 
air embolism. 

This report concerns the development of a method which meets these 
eritex'ia successfully. It makes use of procedures Avhieh have been Avidely 
knoAvn and accepted for many years as Avell as of others of relatively recent 
Auntage. The greater circulation is maintained throughout by the employment 
of a cross circulation setup very similar to the one described by Lillehei and 
his colleagues^® and the ixse of information (regarding volume of perfusion) 
collected by Andreasen and Watson.’^ The coronary circulation is maintained 
by the application of principles based on observations by Pratt,“ Roberts^ 
and Beck and eo-Avorkers^® to the elfect that successful perfusion of the myo¬ 
cardial capillary bed can be carried out through retroperfusion of the coronary 
sinus. 

The observation of retrograde floAv in the coronary arteries, in such a 
coronary sinus retroperfusion preparation, has been made by Eckstein,®® and 
by Bakst, Adam, Goldberg, and Bailey.®® It has been used as a measure of the 
success of myocardial perfusion. These observations Avarranted the assumption 
that if such a retrograde floAv oceixi-red, exposure of the coronary ostia during 
sinus retroperfusion Avould be innocuous from the standpoint of the occurrence 
of air embolism. This assumption is borne out by the present Avork. 

JIETHOD 

Three adult mongrel dogs were anesthetized by the administration of 30 mg. 
of Nembutal, per kilogram of Aveight, intravenously. Intratracheal intubation 
Avas performed on all 3 animals and they Avere connected to mechanical respira¬ 
tors. Catheterization of peripheral blood vessels Avas ean-ied out as folloAvs; 

Dog a (Subject) ; No. 10 Pr. plastic ®Axygen” catheters Avere introduced 
into the right carotid artery and into the right external jugular and femoral 
veins. The tips of the venous catheters Avere placed about 3 cm. aAvay from the 
entrance of the superior* and inferior venae cavae into the light atrium. 

Dog B (Donor No. 1): No. 10 Pr. plastic “oxygen” catheters Avere placed 

in the right (or left) femoral artery and vein. 

Dog C (Donor No. 2): A No. 10 Pr. plastic “oxygen” catheter Avas placed 

in the right (or left) femoral artery. 

All catheters Avere filled with heparin solution, clamped, and secured m 

A rio-ht thoracotomy incision through the fourth or fifth intercostal space 
was performed on Dog A, and the cardiac inflow tracts Avere controlled by 
lio-ation of the azygos vein in continuity, and by-passing tapes around the 
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superior and inferior venae eavae near their entrance into the right atrium, 
proximal to the tips of the aforementioned venous catheters. The aorta was 
dissected free just above its origin so that it might be ero.ss clamped about 5 
to 6 cm. above the valvular level. A purse-string suture was placed aroimd the 
tip of the right auricular appendage and a short plastic catheter introduced 
through the tip of the appendage and directed with the aid of a guide into the 
coronary sinus. Its tip came to lie about 1.5 cm. inside the sinus, the guide 



Pie. 1. 

was withdrawn and the catheter was anchored in place by tying the afore¬ 
mentioned purse-string suture, and by placing an encircling ligature around 
the eoi-onary sinus and its indwelling catheter, distal to the entrance of the 
sinus into the right atrium. The catheter was filled witli lieparin solution and 
clamped (See Pig. 1). 

Dogs A and B were then joined by a cross circulation setup poweroi’ ’ 
a double Siginamotor pump, in which venous blood iva.s c.xtrael ' ....-n I 
via the catheters placed in the external jugular am' "^l v 
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the crobs ciiculatioii was stopi)e(l, the caidiac inflow tract ^vas released, and 
the lungs were ie-e\panded followed by connection of the intiatracheal tube to 
the mechanical respiiator. 

The coronary sinus catheter was pulled out, and the tip of the auiiculai 
appendage was ligated The aoita was inspected for evidences of bleeding 
The pleural cavities weie sucked di'y. The chest was closed in layers leaving a 
Xo 18 Fr. lubber catheter, with multiple holes, in the chest to be attached to 
suction dining the iniinediate postoperative peiiod. Eleotiocaidiographic 
tiacings of Dog A weie taken before and after the opeiative pioeedurc. They 
weie lepeated twenty-four houis after the opeiation 

DISCUSSIOX 

Dining the pieliminary stages of this piojeet, 20 dogs weie opeiated upon 
and vaiious modifications of appioacli, times of inflow occlusion, and intia- 
aoitic maneuveis, weie tiled JIany of the expeiiiiients weie acute in iiatuie 
and, ill many, the aoita was left open as long as the heait was beating legulaily 
in Older to determine the ina\iimim time asailable for diiect valvular manipula¬ 
tion. As can be expected, the moitality was extiemely high in this gionp and 
only 3 animals suivivcd these procedines 

After our piesent appioach was perfected 11 dogs weie opeiatod upon, and 
these comprise the senes which coiiceiiis this lepoit. The time dining which 
the animals weie kept on cioss ciicnlation, the time spent in intia-aoitic 
maneuveis, and the survival lates are detailed iii Table I 


Tahic I Data os Cross Circui-itios, a\u Imra Aortic Visum i/wios Times, 
ANI> OS .SURMIAIS 


1 

1 

DOG 

TiaiB ON’ CRObb 
ClRCUr ATIOV 

(MIN ) 

TIME i-OB INTKA 
AORTIC MANEUVERS 
(MIN ) 

SURVIVAL 

(4 OR MORE r)A\S) 

S21 

14 

3 % 

Survived 

.qoo 

17 

6 

Survived 

S23 


- 

Pied at operation 

S24 

12 


Survived 

S25 

IVA 

4ri 

Survived 

S26 

Wj 

m 

Survived 

S27 

15% 


Survived 

S28 

14 

4 

Pied 24 liours 

S29 

14 

6 

Survived 

S30 

16 

7 

Survived 

S31 

16 

7 

Survived 


One dog (S23) died on the opciatiiig table fiom a pieientable eiior. In 
tins animal, the coionaiy sinus catheter bec<ime dislodged, and upon attempting 
to leplace it undue foice was used and the metal guide used foi placing it 
peiietiated the ventiioular myocardium, and peifoiated the ventiicle Pcr- 
lusioii with the cathetei in the myocardium was unsuccessful and ventiieular 
fibnllation followed 

Another dog (S28) died twenty-four lionis aftci the pioccdnie was com¬ 
pleted In this animal, consideiahle tiouble was expeiieneed with the eioss 
ciicnlation setup, presumably because of clotting in the connecting tubing, witli 
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jected into Dog B’s femoral vein. Arterial blood was returned from Dog B 
into Dog A’s carotid artery. The pumps had been previously set to deliver 
approximately 200 c.c. of blood per minute. 

After these connections were made, taking care to eliminate all air bubbles 
from the system, the cardiac inflow tract of Dog A was closed by tightening 
the tapes around both venae eavae and the pumps were started. At this point 
the respirator was disconnected from Dog A allowing the lungs to collapse. 
The cross circulation preparation was then complete. 

After a brief period (1 to 2 minutes) to allow for a thorough check of all 
connections and assure good functioning of the cross circulation, the catheter in 
Dog C s femoz'al artery was connected to the catheter in Dog A’s coronary sinus 
after* graduating the flow through the connecting tube so that about 50 c.c. of 
arterial blood per minute was delivered. The clamp was taken off the coronary 
sinus catheter and sinus retroperfusion became evident: The epieardial veins 
coursing over the right ventricle became red, the heart which had become smaller 
and almost empty during the cross circulation period, appeared fuller. 

A Potts’ curved clamp was then quickly placed across the aorta about 5 cm. 
above its origin and, before the vessel had a chance to dilate too much, a longi¬ 
tudinal incision was made along its anterolateral surface. This incision was about 
2 cm. in length and started just above the sinuses of Valsalva. The greater 
circulation was sustained at this point by the cross circulation perfusion while 
the myocardial circulation was sustained by retroperfusion of the coronary 
sinus. A small jet of blood escaped from the aortic incision and subsided as soon 
as the latter was enlarged. If the coronary sinus retroperfusion was successful 
die heartbeat was forceful and the epieardial veins maintained their bright red 
;olor. 

A small retractor was inserted into the aortic incision and the superior 
mlvular surfaces were hispected. The coronary ostia were also visualized. 
W^ith the help of moderate suction the field could be kept fairly dry and ex¬ 
posure was good. 

During this time it was well to check on the condition of Dog C and make 
!ure that he was tolerating well the bleeding into Dog A’s coronary sinus. If 
iny weakness of Dog C’s peripheral pulses was noted or if the sinus perfusion 
ippeared to be deteriorating, as evidenced by a darkening of the epieardial 
/■eins, steps were taken to close the aortic incision and retuim the heait to the 
;ross circulation perfusion system. A period of 5 minutes was well tolerated, 

It the end of which the incision in the aorta was closed (allowing all air to 
jscape the left ventricle before placing the final suture) and the cross clamp 
vas removed. This restored continuity between coronary and greater eircula- 
dons. A clamp was then placed across the sinus catheter. 

The epieardial veins resumed their dark color almost immediately. After 
i short wait of 1 to 2 minutes during which the heart was observed for any 
widence of coronary air embolism, arrythmias, weakness of contraction, etc., 
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the ciosb ciiciilation was stopped, the caidiae inflow tiact was leleased, and 
the lungs weie le expanded followed by connection of the intiatiaeheal tube to 
the mechanical lespiiatoi 

The coionaiy sinus cathetei was inilled out, and the tip of the auuculai 
appendage was ligated Tlie aoita was inspected foi evidences of bleeding 
The pleiual caiities weie sucked diy The chest was closed in layeis leaving a 
Xo 18 Fi lubbei cathetei, with multiple holes, in the chest to be attached to 
suction dining the immediate iiostopeiative peiiod Blectiocardiogiaphie 
tiaungs of Dog A weie taken befoie and aftei the opeiatne pioeeduie They 
weie lepeated twenty foui houis aftci the opention 

DISCUSSION 

Diiiiiig the pieliminaiy stages of this piojcet, 20 dogs weie opeiattd upon 
and laiious modifications of appioaeh, times of inflow occlusion, and iiitia 
untie maneiiieis, weie tiled Jlaiiy of the e\peiiments weie acute in natuit 
and. 111 many, the aoita was left open as long as the hcait was beating legulaily 
in 01 del to deteiniine the ma\iniiim time ai ailable foi dnect lahulai niaiiipula- 
tioii As can be expected, the moitality was extiemelj high in this gioup and 
only 3 animals siiilived these ])ioccduies 

After oui piesent appioaeh was peifccttd 11 dogs wiie opei itcd upon, and 
these compuse the senes which concerns this lepoit The time duiiiig which 
the animals weie kept on cioss ciiciilatioii the time spent in iiitia aoitio 
nnneuveis, and the siiiiival lates aie detailed in Table I 


Tabie T Datv oa Cross CincuiaATiov, am* iMRav Vortic \jsumi/auo'J 

AM* ON SDI \IV VIS 


DOO 

IIME ON CROSS 

cmcui ATIOV 

(MIN ) 

TIME l-or INTRA 
AORTIC MANLL\£.RS 
(MIN ) 

SURVIVAL 

(4 OR MORE DAVS) 

821 

14 

3V 

Survived 

822 

17 

6 

Sur\ived 

823 



Died it operation 

824 

12 

5V 

Survived 

825 



Survived 

S26 

16V 

eVi 

Siirvi\ed 

827 

15V 

TVl 

Survived 

S2S 

14 

4 

Died 24 hours 

829 

14 

6 

Survived 

830 

16 

7 

Survived 

831 

16 

7 

Surv ivod 


One dog (&2o) died on the opeiating table fiom a pieitntable eiioi In 
this animal, the eoionaiy sinus cathetei became dislodged, and upon attempting 
to replace it undue force was used and the metal guide used fo< placing it 
Peiietiated the ventriculai myoeaidiuiii and ])tiforated the lentiiele Per¬ 
fusion with the catheter in the myocaidium was unsuccessful and lentiiculai 
fibrillation followed 

Anothei dog (S28) died twentj foui houis aftei the pioceduie was com 
pleted In this annml, coiisideiablc tiouble was expeiicnced with the cioss 
cnculation setiij), piesumably because of clotting in the connecting tubing, with 




176 


BLANCO, ADAM, AND FERNANDEZ 


J. Thoracic Surg. 
August, 1956 


collapse of the latter, and inefficient perfusion. Intra-aortic maneuvers had to 
be interrupted but in spite of this, cerebral anoxia must have occurred before 
the cardiac inflow could be opened and breathing with the aid of the respirator 
carried out. 

In the remaining 9 animals, adecpiate myocardial perfusion Avas obtained 
foi periods ranging from 3% to 7 minutes (an average of 5 minutes) dining 
vdiieh the superior surface of the aortic cusps and the coronai-y ostia ivere in¬ 
spected directly, ivhile the aortic wound ivas maintauied ivide open by the 
intra-aortic retractor. There were no instances of air embolism or fibrillation 
and it ivas not necessary to employ cardiac massage or drugs to strengthen or 
aid the cardiac contraction at any time. AVe have mentioned the iveakening of 
the pulses of the second donor dog (Dog C) as the factor that made us interrupt 
our perfusion in every instance. Concomitantly with this change the coronary 
sinus perfusion would also deteriorate, and the myocardial contraction m Dog A 
would falter perceptibly. It is felt that the use of more than one donor for 
this purpose or the use of a reservoir of oxygenated blood ivould prolong the 
time of myocardial perfusion and eonseciuently the period available for intra¬ 
aortic maneuAmrs. 


SUMMARY 

An experimental method has been described Aidiereby complete independence 
betAveen the systemic and coronary circulations can be achieved and the tAvm may 
be maintained simultaneously during total cardiac by-pass. 

Eetroperfusion of the coronary sinus is used to maintain the nutrition and 
oxygenation of the myocardium. 

The method described alloAvs entry into the aorta just above the vahmlar 
level, Avith direct intra-aortic Adsualization of the superior surfaces of the 
aortic ostia, Avithout danger of coronaiy air embolism or other dangerous 
sequelae. 

Eleven dogs have been opei'ated upon b.v this technique ivith tivo deaths 
Avithin forty-eight hours after the operation. These deaths can be attributed 
directly to avoidable technical errors. 

It is believed that the limited time (about 7 minutes) ai-ailable, at present, 
for intra-aortic maneuvers, can be extended substantially by feasible improve¬ 
ments in this method. Further experiments are being undertaken to this effect 
and Avill be the subject of future communications. 
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DECOETICATION IN PEIMARY TUBEECULOUS PLEUEITIS AND 
EMPYEMA WITH A STUDY OP FUNCTIONAL EECOVEEY 

George I. Thomas, M.D.,’*' and Fred J. jAR\as, M.D/'*' 

SeattioE, Wash. 


T he procedure of removing a thick inflammatory tuberculous peel from thc- 
lung has been reported by many authors.®-'^- Technically it is more 

difficult than decortication following traumatic hemothorax. Even if there is 
flank empyema, most of the wounds heal without infection and few redevelop 
an empyema. The majority of the previously reported cases of surgical decorti¬ 
cation represent empyema, or inexpansible lung with residual pleural spaces, 
following therapeutic pneumothorax. Pew have reported more than 1 to 7 
cases of decortication for organized tuberculous pleuritis and empyema as a 
sequela to pleural effusion. Tuttle’s series of 43 patients had only 7 who 
represented decortications for tuberculous pleuritis and effusion with encased 
lung.^® No pulmonary function studies were reported. In a series of thirteen 
decortications reported by Falk, Pearson, and Martin, four were for sequelae 
of tuberculous pleurisy with effusion.® Function studies were reported. In 
a report of sixty-six decortications by the Subcommittee on Surgical Treatment 
of Diseases of the Chest (American College of Chest Physicians), only three 
were simple decortications for tuberculous empyema.^ Results were good in 
two, fair in one. Fifty-one decortications performed on 49 patients with tuber¬ 
culosis were reported by Ellis from the Mayo Clinic.® In only 1 of 7 patients 
with tuberculous empyema was the disease primary, in the others it resulted 
as a complication of an inexpansible lung after pneumothorax. One other 
patient underwent decortication for pleurisy with effusion but this was three 
years following thoracoplasty. 

It is the purpose of this article to report on 16 cases of organized tubercu¬ 
lous pleuritis, following effusion, treated by visceroparietal decortication; no 
other surgical procedure being carried out in conjunction with this operation. 

Patients who develop primary tuberculous pleural effusions follow one 
of three courses on drug therapy. The effusion may resolve rapidly with or 
■ndthout multiple thoracenteses. Resolution may be slow with gradual formation 
of a thick, fibrotic pleural peel. A more violent inflammatory reaction may 
produce a'thick peel which in certain areas will caseate extensively and be 
associated with frank pus with or without a bronchopleural fistula. The latter 
is what is commonly accepted as tuberculous empyema. The response, we 
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behove, depencli, chiefly upon tlie pathogenic Mgoi uitli ■w)iieh t!ic subjilomiil 
.letne caseous focus seeds the pleiua The initial seioiis effusion inai well 
be a tiansudatne response to tubLiculous inflammation in the sub])loiiial 
hniphaties, but as the tubereulous inflaiiiniatioii, with its bacterial moculuin 
leaehes the pleural space, fluid that oiiginallj is abundant, seious, of low 
specific giavitv, and nonsaiiguineous often becomes thick, floecultnt pus un¬ 
obtainable by thoiaeentesis A lieaij opaeitj on loentgcnogiams in the do 
pendent portions of the lung field lesults The plcnial peel olttii peisists 
despite attempts at medical debiidcment bj the use of pioteoljtic tn/imos 
Aetne tubeiculosis is not a eontiaindicatioii to then use'" " The tulj and 
efficient use of the enzjmes and aspiiation lull make suigical dicoiticatioii 
necessarj less fiequently Fluid may become nonaspiiable eithei because ot 
coagulation, or because ot its loeiilation and fibiin content Ectii though all 
fluid maj seem to disappeai, the inflammatoi} build up of the (ikiiial peel 
maj continue because of the extensile caseous tnbeieiilosis ot the pul itself 
The presence of such a thick mcmbiane, luth or lutlioiit fluid cinases the 
lung in an unjnelding cuirass which maj icndci the lung totallj incipablc of 
respiraton exchange 

Earlj, Wnsht showed, bj' bionehospiionietno deteiminations, that follow 
ing re expansion of lung tissue and restoration of normal or near normal lenti 
latorj function, impairment maj remain in pulmonary eireulaton function '* 
A barrier at the aheolar wall bj histologic alteiation in the collapsed segments 
is postulated UninioUed, healthj lung rccoceis its function m laigo moasiiro 
Diseased lung, initially compiessed therapcuticalh and later released by de 
cortication, is not Iikelj to leeoiei an\ laige measiiic of function This is 
eonfiimed bj the outstanding woik of Patton Watson and Gaenslei who showed 
that restoration of function aftei dccoitication was closelj related to the 
picsence or absence of pic existing disease in lung parcnchjina ” It maj bo 
difficult to establish the extent of destrueinc disease in the lung paroiiehjnu 
obsemed hj the radiopaque plcuial peel bpiilum studies, hronchoscopic and 
gastric washings, and tomogiaphj aic of aid in estimating paienchjmal iiuolie 
inent 

M VTEKI VL 

Sixteen primarj decortications on Ir patients weie done between Januarj, 
I'JM, and December, 1953, and form the basis for this report One of us, 
(F I J ) performed fifteen of the sixteen operations In 1 patient both sides 
were decorticated with an luterial of foui weeks between opeialions These* 
were all done at Firland Sanatoiium hcattlc VII of the patients operated 
upon had an onginal diagnosis ot tuberculous pleural eftusion resulting spon 
tancoash and not as anj tlieiapculic or diairnostic complication There was 
minimal'to moderatch adeanc.d parenelijmal imoheinent in 10 patients, 4 
of whom bad positiie sputum at the time of id.ms.sion to the s.nator.iim 
Seitn (47 per cent) had hscteriologicallj pos.tne cff^ions Prio. to Januare, 
1951, streptomecin and PAS were used oiilj during the initial pieoperati* 
postoperatne 'pe.iod for th.itj dajs Seeen patients wen-^ireated in 
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viscei’al pleura overlying the lung is stripped away, freeing the lung for re- 
expansion. The parietal pleural peel seems largely to resorb within a few 
weeks once the hemothorax is obliterated. In tlie case of the tuberculous peel, 


Preoperative Postoperative Preoperative Postoperotive 



6-23-51 3-3-53 10-31-52 7-13-53 



12-5-51 n-14-52 10-28-53 9-1-54 



12-12-52 5-19-53 12-5-49 10-23-50 



10-17-52,11-28-52 6-22-54 

Fig. 1 .—Composite dra\\Ings from preoperati\e and poslopeiatne x-rays of 15 patients Mith 
tuberculous pleuritis 

we are dealing with a much more completely organized, den-sely fibrous 
structure, covering both viscera and parietal stiuotures. The peel itself fre¬ 
quently contains large areas of conglomerate caseation, more particularly as 
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manner. After this date, drug treatment was started shortlv after admission 
continued through the surgical period until discharge and in some patients 
not yet concluded. j\Iultipk aspirations were done on all patients initially 
until no fluid could be obtained. Seven patients underwent surgery less than 
SIX months after admission while 8 had an average interval of twelve months 
between admission and decortication. Eleven of the 15 patients were under 

35 yeai's of age. There was no mortality. No empyema spaces persist to our 
knowledge. 

Specific indications for surgeiy were (1) persistent febrile course, (2) 
persistent enipjmraa in spite of idgorous medical therapj^ (3) size and extent 
of the encasement, (4) significant reduction of lung function, and (5) failure 
to improve on conservative measures. Control of the underlying parenchjmial 
disease was considered satisfactory for the ensuing operative procedure. 

RESULTS 

Thirteen of the 16 patients were classed as excellent in considering only 
the final appearance of the roentgenograms, 2 were classified as fair, and 1, 
poor. Schemograms (Pig. 1) show the pre- and postoperative results by 
reproducing the x-ra3" densities in shaded areas as closely as possible. 

Incomplete resolution of the radiopaeity was closely related to the fair 
to poor postoperative courses. The correlation was, however, not exact. Signifi¬ 
cant postoperative complications occurred in 4 patients. These are stated in 
brief in Table I. 


Table I 


1 

PATIENT 1 

i 

COMPLICATIONS 

POSTOP. 1 
COURSE 1 

X-RAT 

RESULTS 

D. P. 

Alveolopleural leak witli liydropneumotliorax, S days 
postop. 

Tieatment: Eeinsertion of tube 

Fair 

Poor 

P. L. 

Severe liemotliorax with resultant fibrothorax desiiite 
enzymatic debridement 

Poor 

Fair 

G. P. 

Infected sinus tract after reinsertion of tube for 
spontaneous evacuation of intrapleural blood, 

7 days postop. 

Fair 

Excellent 

O.N. 

Tube reinsertion for pneumothorax 

Fair 

Fair 


The necessity for re-establishing suction drainage of the pleural space by 
closed thoraeostomj’' prolonged convalescence only slightly and was effective in 
obliterating the pleural space in that no patient developed a persistent empyema. 
Patient D.^P., who represents the single poor x-ray result, was lost to follow-up 
after three months. It is possible that his present status may be much improved. 

Technical Considerations.—Though the principle is the same, decortication 
of tuberculous peel to re-expand the rrnderlying Imrg differs from the original 
decortication procedure for inexpansible lung following clotted hemothorax 
as described by Burford, Parker, and Samson.= The partially organized peel 
of the clotted hemothorax need not be totally excised; only that portion of the 
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visceral pleura overlying the lung is stripped away, freeing the lung for re¬ 
expansion. The parietal pleural peel seems largely to resorb within a few 
weeks once the hemothorax is obliterated. In the case of the tuberculous peel, 


Preoperative Postoperative Preoperative Postoperative 



6-23-51 3-3-53 10-31-52 7-13-53 



12-5-51 11-14-52 10-28-53 9-1-54 



12-12-52 5-19-53 12-5-49 10-23-50 


D.P.C ^'2-9-52^ ^ H.C.C ^2-28-^ ^ 

12-5-52 2-5-53 2-27-50 4-8-54 

A nJ 10-20-5^ ^ 

0.P.WJMI2-2-52LJ[}J 

10-17-52,11-28-52 6-22-54 

Fie: 1—Composite drawings from preoperative and postoperative x-rays of la patients with 
tuberculous pleurltis 

we are dealing with a much more completely organized, densely fibrous 
structure, covering both viscera and parietal structures. The peel itself fre¬ 
quently contains large areas of conglomerate caseation, more particularly as 
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the diaphragm is approached, as if gravity played a part in the more intense 
tuberculous involTCment of the lower thorax. In contrast, the pleural peel 
cohering the mediastinal surface is customarily thin and fortunately strips 
relatively easily. The ideal (unfortunately not often attained) is a complete 
excision of the pleural sac intact (see Fig. 2, A and B). In any case, it is 
imperative in achieving a good functional result that the parietal and phrenic 
pleural peel, as well as the visceral peel, be excised. Only in this way can 
the thorax be freed from its inner dense fibrous stricture allowing the ribs and 
contracted intercostal spaces to resume their motion. It is our opinion that 
recovery of function following decortication depends in large measure on the 
completeness of the excision of the entire peel. In this we are in agreement 
udth Gale,® who feels that it is essential to excise the parietal encasement to 
achieve fiuietional recovery. Tuttle,^® on the other hand, more concerned with 
obliterating the empyema space, has followed the original procedure, excising 
only the visceral peel. 

In placing the thoracotomy incision for excision of a complete empyema 
it is well to follow the area of the sixth or seventh interspaces in order, by 
low thoracotomy, to allow as ready access to the diaphragm as is consistent 
with exposure of the thoracic vault as weU. Localized collections may demand 
specially placed incisions, but it is Avell to remember that the diaphragm is 
frequently more markedly involved than the preoperative x-rays may make 
it seem. Dissection of the parietal peel must be canaed out through the endo- 
thoracic fascial plane. In most eases in which the peel is thick, dense, and 
fibrous, it is impossilile to excise the pleural sac intact. The empyema cavity is 
entered, evacuated, and an incision made through the visceral peel down to 
the pleura. It is, surprisingly enough, the rule to find the visceral pleura 
intact, except in those areas where the presence of a small caseous tubercle may 
I’epresent the source of the initial inoculation of the pleural space at the in¬ 
ception of the effusion. Gentle, blunt and sharp dissection frees the lung from 
the peel once a proper line of cleavage is found and maintained. Small tears 
into superficial lung parenchyma seal readily on later expansion of the lung 
to meet the parietes. Eapid obliteration of the pleural space and antibiotic 
therapy combine to prevent the re-fonnation of a pleural accumulation inocu¬ 
lated with viable tubercle bacilli. 

The vascularity of the peel varies with its age and the activity of the 
infiammatory process. Bleeding tends to be more brisk from the inner surface 
of the thoracic wall and the diaphragm than from the lung surface. Blood 
loss is expected to be great and should be measured and replaced volume for 
volume. In 7 patients, operated upon within six months of their initial effusion, 
the blood loss averaged 1,500 c.c. Eight patients, Avith an interval greater than 
six months, averaged a blood loss of 560 c.c. These figures indicate the peel 
maturity and well-defined plane of separation in those peels that are more 
mature and fibrotie. 

In certain instances, in which the caseous tuberculosis of the thick, fibrous 
peel over the diaphragm has made its separation from the superior surface 
of the diaphragm impossible, we have been forced to excise portions of the 
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diapliragm down to tlie underlying pei-itoneiim. On the right, the subjacent 
liver makes this procedure more acceptable than ou the left where careful 
reconstniction of the diaphragm has been necessary to prevent herniation. In 
any case, we have felt that e.xcision of the caseous tuberculosis of the peel must 
be complete to prevent re-establishment of the tuberculous empyema. This 
may be technically ta.xing. 

Re-e.xpansion of the freed lung in the postoperative period may be slow. 
Air leakage from raw lung parenchyma is inevitable. To aid e.xpansion we 
have placed tubes at base and apex to which negative pressure has been applied. 
To counteract marked leakage of air, the Chamberlain pumij has been used. 
Meticulous care that all fluid and air collections arc evacuated as rapidly as 
possible is essential to success. 
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the diaplaragra is approached, as if gravity pla.ved a part in the more intense 
tuberculous involvement of the lower thorax. In contrast, the pleural peel 
coiering the mediastinal surface is customarily thin and fortunately strips 
relatively easily. The ideal (unfortunately not often attained) is a complete 
excision of the pleural sac intact (see Fig. 2, A and B). In any case, it is 
imperative m achieving a good functional result that the parietal and phrenic 
pleural peel, as well as the visceral peel, be excised. Only in this way can 
the thorax be freed from its inner dense fibrous stricture allowing the ribs and 
contracted intercostal spaces to resume their motion. It is our opinion that 
recoveiy of function following decortication depends in large measure on the 
completeness of the excision of the entire peel. In tliis we are in agreement 
udth Gale,® who feels that it is essential to excise the parietal encasement to 
achieve functional recovery. Tuttle,^® on the other hand, more concerned with 
obliterating the empyema space, has followed the original procedure, excising 
only the visceral peel. 

In placing the thoracotomj'^ incision for excision of a complete empyema 
it is well to follow the area of the sixth or seventh interspaces in oi’der, by 
low thoracotomy, to allow as read}’’ access to the diaphragm as is consistent 
■with exposure of the thoracic vault as well. Localized collections may demand 
specially placed incisions, but it is well to remember that the diaphragm is 
frecpiently more markedly involved than the preoperative x-rays may make 
it seem. Dissection of the parietal peel must be carried out through the endo- 
thoi’acic fascial plane. In most eases in which the peel is thiek, dense, and 
fibrous, it is impossible to e.xeise the pleural sac intact. The empyema cavity is 
entered, evacuated, and an incision made through the -lasceral peel down to 
the pleura. It is, surprisingly enough, the rule to find the visceral pleura 
intact, except in those areas where the presence of a small caseous tubercle may 
represent the source of the initial inoculation of the pleural space at the in¬ 
ception of the effusion. Gentle, blunt and sharp dissection frees the lung from 
the peel once a proper line of cleavage is found and maintained. Small tears 
into superficial lung parenchyma seal readily on later expansion of the lung 
to meet the parietes. Kapid obliteration of the pleural space and antibiotic 
therapy combine to prevent the re-fonnation of a pleural accumulation inocu¬ 
lated with viable tubercle bacilli. 

The vascularity of the peel varies with its age and the activity of the 
inflammatory process. Bleeding tends to be more brisk from the inner surface 
of the thoracic wall and the diaphragm than from the lung surface. Blood 
loss is expected to be great and should be measured and replaced volume for 
volume. In 7 patients, operated upon within six months of their initial effusion, 
the blood loss averaged 1,500 c.c. Eight patients, with an interval greater than 
six months, averaged a blood lo.ss of 560 c.c. These flgures indicate the peel 
maturity and well-defined plane of separation in those peels that are more 

mature and fibrotie. _ i,. , r .1 

In certain instances, in which the caseous tuberculosis of the thick, fibrous 

peel over the diaphragm has made its separation from the superior surface 
of the diaphragm impossible, we have been forced to excise portions of the 
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diaphragm down to the underlying peritoneum. On tlie right, the subjacent 
liver makes this procedure more acceptable than on the left where careful 
leconstruotion of the diaphragm has been necessary to prevent herniation. In 
any case, wo have felt that e.vcision of the caseous tuberculosis of the peel must 
bo comijlete to piovent ie-establishment of the tuberculous empyema. This 
may be technically ta.ving. 

Re-e-\pansion of the freed lung in the postoperative period may be slow. 
Air leakage from raw lung parenchyma is inevitable. To aid e.vpansion we 
ha\e placed tubes at base and apev to which negative pressure has been applied. 
To counteract marked leakage of air, the Chamberlain pumpi has been used, 
ileticulous care that all fluid and air collections are evacuated as rapidly as 
possible is essential to success. 



Fig-. 2—Parietal ‘ external” surface of 25 by 20 by 4 5 cm peel Note nb notching. 
B, Visceral ‘internal’ surface J T 21->ear-old woman, operated upon two months following 
diagnosis of tuberculous pleuris> with effusion The result was excellent (see Table I). The 
specimen showed grade 2 activity of tubercuIo'?is 


Ten specimens of resected peel were measured and averaged 22 by 17.7 
by 4.3 cm, or 1,683 c c Except in peels less than six months of age, the size 
had little bearing on blood loss Most of the peel specimens were involved 
in an active tuberculous pleuritis with either caseous nodules, fibrocaseous foci, 
or simple tubercles of various histologic grades. Eight specimens had definite 
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loculations and cavities ranging in size from 10 e.e. of content to one contain¬ 
ing 500 c.c. of purulent material. The two extremes can be seen in the 
accompanying photographs. The first (Fig. 2, A and B), a completely organ- 
med fibrous peel, collapsed the left lung and produced a completely nonfunction¬ 
ing lung m spite of normal parenchyma. The second (Fig. 3), though not 
handicapping function, represents a residual pleural caseous nodiile following 
resolution of the initial pleural effusion. 



Pigr 3— Cl OSS section of caseous nodule 7 by 2 by 1 5 cm K M, 19-year-old girl, oper¬ 
ated upon two years and eight months following effusion onset. Classified as “tuberculous 
empyema,” giade 1 plus activity of tuberculosis 


Postoperative Function Results .—The literature holds a paucity of pre- and 
postoperative function studies, particularly bronchospirometric determinations 
with reference to this problem. Ctaensler’s work has shown us that bx-oncho- 
spirometric and oxygen uptake determinations are the only accurate method in 
assessing reduction of lung function since cortication may not change ventilation 
or reduce vital capacity appreciably.^ The 4 cases of Falk and his co-workers 
appear to be the largest series reported.® On evaluating their pre- and postopera¬ 
tive figures in the effusion-decortication group, they found that the improvement 
in oxygen uptake lies in the same range as the inexpansible lung (pneumothorax) 
—decortication group, namely aroiuid 8 to 10 per cent. It was their feeling that 
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^^ele poorer lu tubciculous dceoihcat.ons than m nontuhereulous dccoiti- 
cauiVle to the inherent tissue changes of tiibeieulous pleu. opulmonary 
stsease Since the inexpansihlc lung and posttlieiapeut.c pneumothoias cnipy 
ema often represent eMensuc undeiljnig paienehymal disease witli a super- 
pleural cort.eat.on, iie hehcie tlie results ean not be truly compaiahle 
® L„oig„,ont Hiniinelsteiii, and Coiirnand, reporting postoperative 
Cindies on’ 3 patients mth tiibeieulous pleuial disease tieatcd ruth 
decoTtltion, iieie among the first to show significant impiovenient in function 

Duration Preoperafive postoperative Og Uptake 
^ ^ nv Increase 


H C 3.5. mos. 


VoOg'- 90 10 


QD 

58 42 


A C. 3.5yrs 


% 0^:38 62 


42 57 


P.D 6.5 mos 


"AOj. 14 86 


I.P. 8.5 mos. 


7o 02-63 37 


51 49 


57 43 


H.H. 4 mos 


% Ogt 100 0 20 6 

“/oOoteO 20 82 IS 

^ t ^orritive X rays 'vith broncho- 

ill: 4—Composite drawings ot prcoperati'e patients with tuliercolous 

splrometrlc function valves (oxygen uptake per 
pleuritiS 

, II, D, little to no aemousUable parenchymal 

(oxygen consumption) m those cases with nwie 3 Patton, Watson, and 

disease and with plemal disease of shoit dnia lou^^ j,,,,(,jtieation is closely 
Gaenslei state cleaily that lestoration of fiinotion disease “ 

related to the presence oi absence of pre existing P , g (],(, jg gaseg 

Table II details the total function studies these lesults ii, 

lepoited, and Pig 4 briefly summarizes the cone a 
the xray findings (schemogiam) and duration 
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Three of these patients (H. D., P. D., and H. II.) showed striking im¬ 
provement in o.xygen consumption after decortication. The duration of their 
disease before surgeiy was less than seven, three and one half, si.'c and one 
half, and four mouths, respectively. All, initiall}% had less than 15 per cent 
o.vygen uptake on the involved side. Of the remaining 3, A. C. and I. P. had 
excellent x-ray improvement but negligible improvement in oxygen uptake. 
The preoperative levels of 2 patients, however, were not markedly depressed, 
being 38 per cent and 37 per cent, respectively. The last patient, P. L., 
showed gradual improvement over a two-year period in x-ray films but re¬ 
vealed no significant degree of oxygen uptake percentage increase. Severe 
postoperative hemothorax undoubtedly eontributed to his failure to improve 
functionally. Of all the 6 patients studied in this fashion, those 3 who derived 
.x-ray and function recovery had, by sputa and tomographic study, the least 
degree of intrinsic pulmonary tuberculous disease. We wish to emphasize 
the point again that it is in this group of pationt.s that decortication for 
tuberculous pleural disease will accomplish the most significant degree of 
functional improvement. 

DISCUSSION 

Decortication of an active tuberculous peel and em])yenia is important in 
the total rehabilitation of patients with unresolved or organized tuberculous 
pleuritis. Its role is dependent upon the unsuccessful re-expansion of the 
involved lung or unsuccessful ablation of the constricting peel by other con¬ 
servative measures. Serous pleural cffusion.s, with or without positive tub.ereu- 
lous organisms, will often be followed by the development of a fibrotie pleural 
peel, the ideal surgical maturity of wliieli is probably two to four months. 
Unaspirable fluid with x-ray evidence of residual pleural opaeifleation heralds 
the build-up of this peel. Disregarding functional disability, slow and pro¬ 
tracted improvement in x-rays would be expected. AYhen time and function 
are important as in this problem, decortication of the peel should be considered. 
Mi-xed empyemas, on the other hand, are dependent on the presence of an 
open bronchopleural fistula. Such fistulas, in our experience, cannot often 
be closed successfully without re.scetion of the portion of lung from which 
the fistula originates, which usually demands pleuropneumoncctomy. Jlixed 
empyema is therefore, in most instances, a contraindication to an attempt at 
decortication. 

One expects, depending on the size of the peel, reduction in total lung 
function. We concern ourselves w'itli reduction in o.xygen consumption (milli¬ 
liters of oxygen removed by pulmonary capillary blood flow), believing this 
to he a more definite criterion of absolute function than the jilBC (maximum 
breathing capacity) and VC (vital capacity) determinations so often performed 
in these cases. The ox-j'gen uptake or consumption reflects the volume of 
pulmonary capillary blood flow and the amount of o.xygen in the incoming 
•venous blood, the latter generally constant for age, size, ete., if the metabolic 
rate of tissues for oxygen is not increased. The maximum breathing capacity 
and vital capacity studies in the presence of almost complete hemipleural 
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obliteration may erroneously show near normal function since ventilation may 
be maintained. Though the pliancy of lung tissue is reduced by the pleural 
peel this single factor may be overeompensated by muscular force and rate 
increase in the presence of a clear and free airway. Despite maintenance of 
ventilation, cii*culatory peiTusion, as evidenced bj'’ oxygen uptake studies, may 
be markedly reduced. This is accounted for by reduced pulmonary capillary 
flow, second to increased peripheral resistance, known to occur in compressed 
lung.'*’ Generally, however, both ventilation and perfusion studies are eciually 
reduced with encasement of a lung. 

We feel justifled by this experience in challenging such statements as 
“decortication in pulmonary tuberculosis does not offer the degree of improve¬ 
ment in pulmonary function often noted after decortication in nontuberculous 
disease and should not be the primary object of such therapy in tuberculosis.’**® 
True, the excision of the empyema is most often the considei’ation of first im¬ 
portance. But if the effusion which is no longer aspirable is attacked early, 
gratifying return of function to normal or near normal levels may result. 


SUMnAKY 

1. An analysis of 16 cases of organized tuberculous pleuritis treated by 
visceroparietal decortication is presented. Of the 16 cases, six preoperative 
bronehospirometric determinations are included mth accent on comparative 
oxygen uptake studies. 

2. Certain technical points are stressed for maximum operative achieve¬ 
ment. Parietal pleurectomy to accompany visceral pleural ablation is strongly 
urged. 

3. Decortication as a primary operation for tuberculous pleui'al disease 
.in the presence of minimal parenchymatous involvement is generally safe and 
is not associated with appreciable mortality and prolonged morbidity. When 

■^ronchospirometric studies of the involved side disclose reduction in oxygen 
uptake to levels below 15 to 20 per cent and the duration of the disease is 
short, one can expect return of ventilatory and circulatoiy function to normal 
or near normal levels. 

We wish to thank Dr. James Martin, head of the Pulmonary Physiology Laboratory at 
Pirland Sanatorium, for his bronchospirometry data used in this report. 
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obliteration may erroneously show near normal function since ventilation may 
be maintained. Though the pliancy of lung tissue is reduced by the pleural 
peel this single factor may be overcompensated by muscular force and rate 
increase in the presence of a clear and free airway. Despite maintenance of 
ventilation, circulatory peiTusion, as evidenced by oxygen uptake studies, may 
be markedly reduced. This is accounted for by reduced pulmonary capillary 
flow, second to increased peripheral resistance, Imown to occur in compressed 
lung.'*’ Generally, however, both ventilation and perfusion studies are ecprally 
reduced with encasement of a lung. 

IVe feel justified by this experience in challenging such statements as 
“decortication in pulmonary tuberculosis does not offer the degree of improve¬ 
ment in pulmonary function often noted after decortication in nontuberculous 
disease and should not be the primary object of such therapy in tuberculosis. ’ 
True, the excision of the empyema is most often the consideration of first im¬ 
portance. But if the effusion which is no longer aspirable is attacked early, 
gratifying return of function to normal or near normal levels may result. 


SUMMARY 

1. An analysis of 16 cases of organized tuberculous pleuritis treated by 
visceroparietal decortication is presented. Of the 16 cases, six preoperative 
bronchospirometric determinations are included mth accent on comparative 
oxygen uptake studies. 

2. Certain technical points are stressed for maximum operative achieve¬ 
ment. Parietal pleureetomy to accompany visceral pleural ablation is strongly 
urged. 

3. Decortication as a primary operation for tuberculous pleural disease 
in the presence of minimal parenchymatous involvement is generally safe and 

^is not associated Avith appreciable mortality and prolonged morbidity. When 
bronchospirometric studies of the involved side disclose reduction in oxygen 
uptake to levels below 15 to 20 per cent and the duration of the disease is 
short, one can expect return of ventilatory and circulatory function to normal 
or near normal levels. 

We wish to thank Dr. James Martin, head of the Pulmonary Physiology Laboratory at 
Firland Sanatorium, for his bronchospirometry data used in this report. 
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THE AETERIAL DISTRIBUTIOA^ TO THE LEFT 
UPPER PULMONARY LOBE 

Raymond J. Barrett, M.D, J. C. Day, M.D, and Wm. M. Tuttle, M.D. 

Detroit, Mich. 


'“pHE discrepancy noted between onr experience with the arterial supply of 
the left upper lobe and that described in the literature has prompted us 
to record the patterns which we have encountered. As so frequently happens 
in medicine, an original misconception, often reiterated, and accepted un¬ 
critically attains all the validity of an established fact. 

Y^e are particularly concerned with the obviously erroneous conception 
that the first branch of the left pulmonary artery is an apical or apicoposterior 
vessel I’ather than an anterior or apicoanterior trunk. The concept that the 
lingular artery is very frequently the source of at least a part if not the major 
arterial supply of the anterior segment is also considered unrealistic. 

As nearly as can be determined, Kent and Blades^ in 1942 made the first 
attempt to advance the knowledge of the arterial anatomy of this area beyond 
the meager descriptions of the Gray, Cunningham, and Spalteholz texts. They 
described the course of the left main pulmonary artery and found that it gave 
off from 4 to 7 short trunks which supplied the upper lobe. 

In 1944, Appleton^ described the anatomic distribution of the blood ves¬ 
sels as gathered from the study of the dissections of 50 right and 50 left lungs. 
His description of the left iiulmonary artery states, “this artery in arching 
' ^ over the left upper lobe bronchus provides arteries for the apical and posterior 
/ bronchi. Now the artery for the pectoral segment bronchus occasionally arises 
anteriorly before the arch; more often it arises afterwards, and it is then be¬ 
low the origin of the artery of the dorsal segment of the lower lobe. The 
lingular artery usually arises after the main artery has arched over the bron¬ 
chus; it then passes forward below the bronchus.” The statement referable 
to the anterior (pectoral segment) artery arising after the posterior artery is 
definitely incorrect yet has been repeated again and again in subsequent texts 
by vax-ious authors. 

In 1945, Boyden^ wrote on the intrahilar and related segmental anatomy 
of the lung based on the dissection of two paii-s of lungs. He stated, “The first 
branch of the left pulmonary artery is an apicoposterior trunk (the apical of 
Herrnheiser and Kubat, or ascendens of Melnikoff). It arises on the convex 
superior surface of the pulmonary artery and, according to Melnikoff, is most 
commonly a sessile trunk which divides immediately into apical and posterior 
segmental arteries. ” In his figures, Boyden showed the anterior artery arising 
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fioiu the lingulai tiiink and it was so desciibcd in the text along with anothei 
vaiiation whieli depicted the anteiioi aitcij' as a bianch fioni a common 
anteiioi apico posteiioi tiiink 

In 1916, Boyden^ lepoited a moie es.teiisive analysis of the lariations in 
tho left iippei lobes of 50 lungs This study is essentially in lathei close agiee- 
ment with oui own conelusions He found that the niimbei of aiteiies to the 
uppei lobe vaiied fiom 1 to 8 with a mean iiumbei of 5 1 In only 11 pei cent 
of the cases did ho find even pait of the anteiioi segment supply aiising fiom 
tho lingulai aitoiy In only 22 pei cent of the spLCimens did he find a com 
mon apicoposterioi segmental aitciy lie stated, “Of special mteiest is that 
tho apical and posteiioi yessels aiise independently of each othci in moie than 
% of specimens notwithstanding the fact that the concsponding bionchi aiise 
in 78 pel cent of specimens fiom a common stem ” 

Sweet,-' in his test in 1950, desciibcd the left pulmonaiy aiteiy as follows 
“The aitciy' aiohes iipwaids, iiieliiinig postciolateially abo\e the bionchus 
At this point it usu illy gi\es off its fiist uppei lobe bianeh which is distiibuted 
to the aiiital and posteiioi segments The main cessel uses ovci and ciiiies 
behind the upper lobe bionchus Along this ciiiied poition it gives off one oi 
inoie blanches to the apical, posteiioi and anteiioi segments ” In Fig 87 
page 162, m the illiistiatioii of a left uppei lobectomy, the fiist and seeoiid 
blanches aio sepaiate apical and posteiioi aiteiies while the thud vessel is 
the anteiioi and tho fouith is the lingulai aiteiy In contiast, howevoi. Fig 
15, page 32, a coloied tinee dimensional diagiam of the left upper lobe seg 
meiits, depicts the fii'st aiteiy going to the anteiioi segment, the second to tho 
apical, the thud to tho posteiioi, and the fouith to the lingulai segment This 
lattei deseiiption is essentially the aiiangement wo have found 

Ovoiholt and Laiigei” lu the icvised 1951 edition of then te\t desciibe 
tho aiteiies to the left uppei lobe as follows “We have found them most 
liequciitly fiom foiii to sis. in inuiibei aiising fiom the pulmonaiy aiteiy in 
depeiideiitly' as shoit stems At othei times the segmental aiteiies have been 
found to have common tiunks The apico posteiioi tiiuik has two blanches 
foi the apical posteiioi bionchus, and the anterolingulai tiuiik has three 
blanches, one foi the anteiioi segmental bionchus and two foi the lowei 
diMsioii of the left uppei lobe braiichus (lingula) The anteiioi segmental 
aitciy aiises in the inteilobai poition of the pulmonary artery as a bianch 
of the aiiteiolingulii aiteiial tiuiik oi iiidepeiidently fiom the main aiteiy ” 
NotwithstHiding the aboie deseiiption, the coloied diagram. Fig 27, page 
90, IS Slid to illustiate “the most common aiteiial pattein ” It shows two 
blanches to the upper lobe, the fiist is an apicoposteiioi tiiink while the sec¬ 
ond i"- a luge anteioliiigulai tiiiiik Again, in a deseiiption of the technique 
ot left uppei lobectomy, page 127, Oierholt states that “the apical-posteiioi 
aiteiies aie the uppcimost biaiiehcs of the pulmoiniy' aiteiy ” 

Johnson and Kiiby, in then 1952 test, state on page 143, “The first 
111 inch, the apical posteiioi tiiiiik, usu illy aiises ]ust as the mam arteiy be 
gins its posteiioi infeiioi cui\e and subdiiides into the apical and posteiioi 
segmental utciics It is not uiicommoii ioi the apical and posteiior arteries 
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to arise separately. The next branch is the anterior segmental artery which 
arises most commonly from the anteromedial surface of the main trunk within 
the fissure. Two variations of the anterior artery are freqiiently encountered. 
It may arise as the first branch of the main pulmonary artery anteriorly, in 
the primary hilum, or from the lingular arteries. ” Their anatomic plates show 
the first branch to be an apicoposterior trunk, the second to be to the anterior 
segment, and the third as the lingular artery. This same pattern is depicted 
in plates illustrating a left upper lobectomy. 

Lindskog and Liebow,® in their 1953 text, quote from Boyden’s* 1946 
article. 

HETHOD OF STUDY 

In an attempt to verify our impression, a set of special study sheets were 
placed in use early in 1952. Bach left upper lobectomy or multiple segmental 
resection of the left upper lobe performed at Herman Kiefer Hospital was 
charted immediately after surgery as to the distribution of the arteries. As a 
teaching procedure for the resident staff, each arterial stem was traced to its 
first major branching and the destination of these branches determined. 
Those segmental operations were excluded in which calcification and scarring 
would have rendered hazardous dissection of vessels other than those which 
required ligation for the proposed operation. No attempt was made to sub¬ 
divide the individual pulmonary segment or the arteries thereto. While the 
identification of the secondary and tertiary branches of the segmental arteries 
is a delight to the anatomist, it has relatively little surgical importance. The 
subsegmental resection may readily be accomplished by dissection of the sub- 
segmental bronchus following which the accompanying vessels may be ligated 
as encountered without the necessity of prior identification. The present re¬ 
port is based on 100 cases where the entire arterial supply to the left upper 
lobe could be clearly identified and traced. 

, RESULTS OP THE STUDY 

Prom Table I it is evident that in 87 per cent of the cases there will be 3, 4, 
or 5 arteries with the greatest number of patients having 4 arteries. 


Table I. Number of Arterial Branches to the Left Upper Lobe 



The illustrations are more or less self-explanatory. From Pig. 1 it is 
quite obvious that the first branch is not an apical, a posterior, or an apicopos¬ 
terior vessel In 80 per cent of the cases it is either an anterior, or an apico- 
anterior branch. Pig. 2 reveals that in less than 10 per cent of the cases does 
the anterior segment receive more than one artery. Pigs. 3, 4, and 5 revea 
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that the arterial supply to the apicoposterior segments is varied indeed al¬ 
though in over one half of the cases there will be one of four dominant pat¬ 
terns. In the remaining 43 per cent, however, there will be eighteen separate 
and distinct patterns of vascularization. 



1 arst branch of the left pulmonary artery. In alt Figures the Jackson-Huber 

chmslncatlon is used uith 1 , representing the apical: 2, the posterior: J. tlie anterior: and i- 5 , 
.^iiSuiental arteries. It will be noted that m 80 per cent of the speeiinens the 
anterior or apicoanterior artery. By contrast, in only 10 per cent 
18 the first branch an apicai, posterior, or apicoposterior artery. 



V7. 


2 % 


3 % 


anlcnor scemenl. In 9 per cent of specimens, tlie 
from tho^^fnemur’^artirS artcfics. In 2 per cent, this auxiliary supply Is derhcil 

anterlir LrtP^ Reference to FJp, 7 show that in a total of 8 per cent an 

fs” either *the ^tal n^p branch. Thus in only S per cent of the specimens 

artery. ^ total or partial blood supply to the anterior segment derived from the lingular 


Table II. Numbeh of Ungulmi Abtlkul Bilvnciies 


One -\rtery 
Two a-\,rtcnes 
Three Arteries 


S9 per cent 
10 per cent 
1 per cent 
100 per rent 


Tabic II illustrates that in the great majority of ca.ses there is a single 
artery to the lingular segment. 
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^ Fig. 6 reveals that in two thirds of the eases, the lingular artery or arter¬ 
ies arise at or below the level of origin of the superior segmental artery. Thus 
in two thirds of the eases, when performing lower lobeetomy, it would be 



Pigr. 3.—The more common arterial distributions to the apicoposterior segments. Well 
over one half of the specimens will have one of the four distributions shown in the top of 
the figure. In oniy 2G per cent (la per cent + 11 per cent) are these segments supplied 
solely by a common trunk or by two separate trunks. 



to-ioi fiistrihutions to the apicoposterior segments. From Figs. 
4 fn^ oSs° Vat thi vessel pattern to the apicoposterior segments .s the most 

ari'ed of all the segments. 
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necessary to ligate the superior segmental arteiy separately and then ligate 
the main arterial trunk below the origin of the lingular vessels. This, of 
course, is in agreement with the experience of most observers. 




PdUerns were noted. 



6 6% 


Fig C—<;omparAti%e lu\e!3 of orlgm of the lingular and irfS at 

6 ) arteries. It will be noted that In two tliUds of the cases, third of 

or below the level of origin of the supenor segmental artery. Hiratioti of 

cases, while doing a lower lobectomy, would U be feasible to do a single mass i gat 
the arterial supply to the lower lobe. 


ITg. 7 demonstrate.s that in approximately one sixth of the cases only 
does the lingular artery or arteries supply segments other than the lingula. 
In only 8 per cent of the eases will the antci’ior segment receive even part of 
its supply from the lingular vc.ssels. In 4 per cent the lingular artery sends a 

branch to one of the basilar .segments of the lower lobe. “ ..... 

most common single pattern encountered. 
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Fig, 6 reveals that in two thirds of the cases, the lingular artery or arter¬ 
ies arise at or below the level of origin of the superior segmental artery. Thus 
in two thirds of the eases, when performing lower lobectomy, it would be 



Pig. 3.—The more common arterial distributions to the apicoposterior segments. Well 
over one half of the specimens will have one of the four distributions shown in the top of 
the figure. In only 2fi per cent (15 per cent + 11 per cent) are these segments supplied 
solely by a common trunk or by two separate trunks. 
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necessary to ligate the supai'ior segmental artery separately and then ligate 
the main arterial trunk below the origin of the lingular vessels. This, of 
course, is in agreement with the experience of most observers. 



Fig:. 5 —Least common arterial iHstrJbutJons to the aplcoposterlor seffmenta. Reference to 
Piffi.. 4 and 5 wiH reveal that In one fifth of the specimens, fourteen separate and distinct 
patterns %\ere noted. 




«-,--J 

^ 6 % 

Fig 6—Coniparallve levels of origin of the lingular and superior segmental (segment 
8 ) arteries. It wiH be noted that In two thuds of the cases, the lingular aitery arises at 
or below tlie level of origin of the superior segmental artery. Thus, in only one third of 
Mses. while doing a lower lobectomy, would it be feasible to do a single mass ligation of 
the arterial supply to the lower lobe. 


Fig. 7 demonstrates that in approximately one .si.xtii of tbo ea.ses only 
does the lingular artery or arteries supply segments otlier than the lingula. 
In only 8 per cent of the cases will the anterior segment receive even part of 
its supply from the lingnlai- vessels. In 4 per cent the lingular artery sends a 
branch to one of the basilar segments of the lower lobe. Fig. 8 represents the 
most common single pattern encountered. 
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STg. 7.—-Less common lingular artery patterns. Table Ti b-jo 
number of the arteries supplying the lingula. This figure shows tl^ft fn *•" 

mens, the lingular artery or arteries supply segments other than the Hngula'! 



Fig. 8.—The most common single arterial pattern. 

J CONCLUSIONS AND SUHIIIIABY 

It has been our purpose in this report to clarify the ai'terial anatomy of 
the left upper pulmonary lobe and to correct some misconceptions which have 
gained wide acceptance through sheer repetition. Whereas it has been stated 
that the first branch of the left pulmonary artery is most frequently an apico- 
posterior trunk, we have found in a study of 100 cases that this occurs in only 
10 per cent. Conversely, the first branch has been found to be an anterior or 
apieoanterior artery in fully 80 per cent of the cases. We have not found the 
lingular artery to be a significant source of supply to the anterior segment. A 
considerably larger unrecorded experience has shown no major divergence 
from these findings. 
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RECONSTITUTION OP THE LUNG 

John W. Bell, M.D. 

SUNMOUNT, N. Y, 

T he concept that once the lung has been incised, or a section of tissue has 
been excised, the remaining raw surfaces cannot or should not be reapproxi- 
mated, is open to challenge. 

ICausel and Lindskog^ state that most observers have been in agreement 
with Clagett and Deteriing, who are quoted as believing that the raw surface 
of the lung should not be closed by suture, feeling that such a technique pre¬ 
disposes to obstruction, possible bronchiectasis, and unnecessary loss of lung 
parenchyma. Reference to the article of Clagett and Deteriing- does not furnisli 
such a conclusion. Rather, by description and diagram, they illustrate the use 
of interrupted catgut sutures to approximate the visceral pleura along the line 
of cleavage (following lingulectomy). Their conclusion being "that as a result 
of the partial approximation of raw surfaces, the oozing of blood and the danger 
of poor expansion of pulmonary tissue are further minimized.” 

The various objections, which have been raised to the reapproximation of 
raw lung surfaces, may be summarized. 

1. There may be some interference with tlie degree of aeration along the 
line of resection, where it is particularly vital. 

2. Excessive suture material is necessary, which increases foreign body 
reaction and predisposes to secondary infection. 

3. Puckering and reduction in size of the remaining segments are produced : 
Re-expansion places tension on sutured lung edges, and disruption of the siiture 
level may take place. 

4. Over-all re-expansion of the lobe and occupation of residual space in the 
■' borax are prevented. 

^5. Bronchial distortion is produced, Avhich may result in linear or partial 
segmental atelectasis and predispose to late bronchiectasis. 

Tlie question is proper: Why is any reapproximation of rarv lung surfaces 
necessary? A layer of fibrous and areolar connective tissue (reconstituted 
pleura?) has been shown both experimentally and clinically to regenerate over 
raAV pulmonary tissue.^ 

Although Chamberlain® has concluded that the morbidity following seg¬ 
mental resection is no greater than in lobectomy, several reports'*- “ in the past 
five years list an appreciably higher incidence of minor "benign” complications, 
when comparing segmental resection Avith lobectomy. 

By far, the leading complication has been the persistence of so-called "air 
leaks.” At Avhat point these leaks become bronchopleural fistulas is not clear’. 
We have tried to define a fistula as clinically significant AAdien it requires any 

i^om the Veterans Administration Hospital. Sunmount, N. Y. 

Received for publication Nov. 25, 1955. 
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moie than ordinarj postopeiatue eaie, oi unduly piolougs opeiatuo eonvales 
ceiice Thus, piolouged intubation oi the necessit) of a postieseetioii thoiaeo 
plasty would seem to indicate the pra.encc of nioie than a simple aii leak 
The peisistenco of small bionchopleuial fistulas, uheii segmental resection 
has been pcifoimed toi acute or eluonie suppuiativt conditions, is undoubtedly 
of seiious inipoit The deielopment of local oi total eiiipjtmas, paiticulaily 
of the mixed tjpe ulieii the oiganisms maj be ding icsistant, constitutes a 
major pioblom 

The foimation of a postieseetioii space follouiiig segmental excision foi tubei- 
culosis IS, piobabh, a benign complication when it is coiisideied that the iiiajoi 
ity of patients ulio ha\e icsection pcifoimed today have bacilli whiili aie sus 
ceptible to the antitubeiculons dings Thus, iiiadveitent spillage at opeiation, 
01 subsequent contamination of the picuial space, is icadilj contiollcd In those 
patients, hovvovei, with lesistant oigamsms known oi suspected in the sputum 
or leseeted tissues, such ineftective ding eontiol iiiaj contiibute to local leaeti 
vation, empjemas, and fistulas 

AVben a wedge oi triangular shaped detect follows a segmental oi deep 
letiogiade wedge leseetion, the maignts of the defect mav adlieie to the paiietal 
chest wall Thus, the general pleuial space is cffoctn oly sealed off, but a pj lam 
idal shaped space is formed At the apex is the segmental oi subsegmeiital 
bionehial stump, the two sides aic foimed bj law lung suit ice, while the thud 
boimdaij is pauetal plouia Anothci vaiictj ot such a pseudocavitj icsults 
when the tip of the supeuoi segment of the lowei lobe toims tlio outei boundaij 
ot a space leinauung attei excision of tlic postciioi oi apical postouoi segments 
of the uppci lobe The piompt iiitection of such spaces bj uncoiitiollcd tubcicle 
bacilh has occuiied m 8 of oiii patients when such losistaiit otgaiiisms in the 
tissues weie unsuspected’ “ In one of these cases, fatal bemoriiiage tollowcd 
ciosion into a pulmonaiv vcm tliiee months aftci liisegmciitil leseetion A 
pseudocavitv, sucli as dcseiibed previoiish, with an occult fistula of the apical 
postciioi bionehnl stumps was touiid at post nioitem examination 

Judging tiom the vaiietv of methods which have been suggested foi lepleu 
lalization, thoiaeic suigoons have not been unconceincd with the pioblem of tlie 
lemaiiiiiig law lung suitaeo 

Wheiicvei it is possible foi the dissecting fingeis to leniam in tlie iiitei 
segmental plane, bleeding points and an leaks m.i> be Kept to a mmmiiim The 
pioximitj ot iiodiilai tubeienlosis to the segmental plane, and tlie desue to 
encompass such disease bv a suitable maigin, maj cause wedging into tlie adia 
cult segment, with subsequent nicicase in an leakage Good teclmique re 
quilts the suigoon to iiiest am bleeding points oi significant an leaks on this 
raw suiface befoic coiisideiing appioximation of a pleuia! fiap oi any similai 
scaling manouvei The use ot fine No 3 0 oi I 0 silk oi catgut, applied as in 
tciiuptcd 01 mattiess sutures, is adequate in most instances Some piofei fiee 
hgitiiie about the tip of a mos((Uito loiccps oi otlici fine clamps These details 
do not seem impoi tant if excess sutiue iinteiia! and seitteiod islands of necrotic 
debus, 01 devitalized tissue, aio axoidid 

Review of euiient thoiaeic suigieal texts offeis no nnamnutv of suggestions 
foi treatment of the law lung suifaee icmaiiiiiig aftci lemovai of a segment 
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Sweet' indicates “it maxj he left a~s it is, accepting the greater prohahilitij of air 
leakage; otherwise, it can be closed bj’' means of continuous fine catgut sutures, 
which approximate the edges of the lobe, thus pleuralizing the entire surface. 
A modification of this method is to preserve a long sheet of pleura from the 
siu’faee of the segment which is being i-emoved as the dissection is carried out. 
This sheet of pleura is then turned over the denuded area and held in place by 
sutures around the periphery. There is reason to believe that the incidence of 
coniplicatians is considerably reduced by closing the denuded surface of the 
lung.” Lindskog® describes the fashioning of pleural flaps for coverage of 
bronchial stumps, but indicates no attempt is made to repleuralize the denuded 
surface. Overholt® believes the use of sutures to effect pleuralization following 
segmental resection has proved to be disadvantageous. “They are difficult to 
place without inviting air leakage, and the normal shape of the remaining seg¬ 
ments is altered and reduced in volume.” ScannelT® describes closure of the 
wedge-shaped defect, following anterior segmentectomy in the left upper lobe, 
by approximating the upper surface of the lingula to the apico posterior seg¬ 
ment. Incidentally, this maneuver also covered the bronchial stump with normal 
lung. 

Preservation of a suitable flap or apron of visceral pleura may be dangerous, 
as well as most difficult in segmental resections for tuberculosis, because of the 
common subpleural location of nodular lesions. J\Iany surgeons have sporadically 
attempted to reapproximate the cut margins of visceral pleura. Most of these 
efforts have been doomed to failure, as the apparent dead space in the defect 
would fiU with blood or serosanguineous effusion. In some eases, infection of 
this operative site with secondary organisms or tubercle bacilli, and evacuation 
of its contents into the bronchial tree or pleural space, would result in a pseudo¬ 
cavity larger than that originally present. 

RECONSTITUTIOX 

Because of the frequent observation that lungs with brisk and prolonged 
.air leakage, following segmental or subsegmental resections, were the slowest 
to re-expand, and were the greatest contributors to the postresection space prob¬ 
lem, it appeared that if one raw surface could be carefully approximated to 
the other, with obliteration of all dead space, primary healing, resulting in a 
linear parenchymal scar, could be anticipated. 

The reapproximation of raw surfaces following unisegmental, bisegmental, 
or large wedge excision has now been perfoi-med in 75 cases. The term recon¬ 
stitution of the lung has been used, implying the restoration of the lung pa¬ 
renchyma to as near its former continuity and shape as possible. 

The technique is described in the accompanying diagrams. Ceitain points 

may be stressed. 

1 The wedt^e or pyramidal-shaped defect is closed from the bottom out¬ 
ward (Fig. 1). °The same principle is followed as with soft tissue surgery in 
weneral; i.e., careful obliteration of all dead space. 

2. it is helpful to have the lung partially inflated during reconstitution. 

A state of atelectasis or full inflation makes suturing difficult and may result 
in imnecessary deformity. 
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resection technique, and we consider it extremely important. The best possible 
insurance against fistulas of either segmental or lobe bronchus is adja 
rising up over the stump and adhering to it. cinjacent lung 

lit. if' ffhorizontal mattress .sutures alon.. 

the base of the defect, at successively more superficial layers, until the margins 
of the defect are adjacent. ° 




Fig. 2.—Segmental resection (apical). A, Beginning of defect closure. Inset: Detail of 
margin-bronchus-margin suture. B, Later stage in closure. 

6. It is important that these sutures of either fine catgut or silk, pref¬ 
erably Atraumatic, are placed parallel to the bronchopulmonary ray. This 
minimizes the chance of transfixing a segmental vein or subsegmental bronchus. 

7. If bleeding points and gross air leaks are not controlled before the de¬ 
fect is reconstituted, and further bleeding is caused by poor placement of 
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sutures, a lieinatoiiia may form in the operative site. More likely bleeding will 
occur into the adjacent lung substance. Several of our earlier eases had dis¬ 
tressing liemoptysis for five to seven days postoperatively. 

8. Placing a deep suture at right angles to the axis of broneliovascular struc¬ 
tures may lead to a complication of this technique. If a particularly large sub- 
segment bronchus is caught in a right angle type suture, an area of parencliynia, 
distal to this point, may remain unventilated in spite of collateral air drift. 



Fiff 3. Alternate mtUliod of reconstitlitton.' A, Following posterior segliientectomy. n. Use 
or superior segment, BLL, and medial scgincnt, RMLi. 

Tliis po.ssihility, in addition to any interfeienee with associated blood supply, 
could re.sult in necrosis and infection of the surgical defect. We have not seen 
this complication in our material. 

SPECIAL .SITU.mONS 

In addition to the defect following apical or apical-posterior segmental re¬ 
section in the upper lobe, which lends itself readily to in£({lding or reapproxima¬ 
tion, certain special situations may arise in which t'l the above tecli- 

niques arc not applicable without causing marked 
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Following resection of the posterior segment of the upper lobe, or superior 
segment of the lower lobe, a somewhat irregular but rather flat surface may 
result, which has no adjacent raw surface for approximation. Local infolding- 
may succeed in almost complete reconstitution. In the event this is unsatisfae” 
toiy, the adjacent segment may be approximated to the denuded surface of the 
upper or lower lobe, respectively (Fig. 3). The medial segment of the middle 
lobe on the right may join into this triangulation effect. If reconstitution of 
the left upper lobe is not possible after apical-posterior segmental resection, by 
bringing the usually overexpanded anterior segment to the superior segment of 
the lingula, the normally high superior segment of the left lower lobe may 
easily fall against the defect in the upper lobe. 

In most eases where anatomically incomplete fissure^ are divided, the par¬ 
tial or completelj'- raw surface may be reconstituted and repleuralized by gently 
rolling in one margin toward the other. In lungs with a fibrotic substrate and 
moderate emphysematous changes, these maneuvers help significantlj^ to reduce 
postoperative air leakage and eonti'ibute to prompt space occupation. 

DISCUSSION 

Certain factors, peculiar to tuberculosis, have made the application of lung 
reconstitution more valuable for segmental resection in this disease than, per¬ 
haps, in other pulmonary conditions. It is not usually possible or wise to excise 
tuhereulons lesions, or divide incomplete fissures, with a blind clamping and 
oversewing technique. The danger of crushing and spilling caseous lesions with 
the clamps, and then burying this tissue in a continuous locked stitch, is a poten¬ 
tial hazard. The only manner in which we have been able to accomplish the 
removal of all or nearly all palpable lesions in tuberculosis is to “feel our way 
around the disease.” A large nodule may abut on the theoretical segmental 
plane, and the only way to clear it, and possibly a few satellite nodules, is to 
wedge slightly into the adjacent segment. This would appear difficult with 
the use of long Kocher or other crusliing clamps. 

The widespread location of tuberculous lesions throughout the parenchjmia, 
up to and inelnding the subpleural level, makes the dissection of a pleura flap 
for purposes of raw surface coverage almost impossible. In addition, the opera¬ 
tor runs the ever present danger of breaking into underlying disease during 
such dissection. The viability of such flaps, either free or pedicled, has always 
been questionable. At times, the use of parietal pleura, as a so-called apical 
pleural tent, or fashioned in other ways, has proved useful in covering denuded 

SXlX*f8.C6S 

The common observation that segments adjacent to those containing disease 
have undergone compensatory overexpansion, while their neighbors contracted, 

was a point in favor of reconstitution. 

Taking advantage of the stage which nature has set, the surgeon can restore 
the continuity of the parenchyma by approximating the large remaining seg¬ 
ments at their raw interfaces. In some instances, the walls of the defects appear 
almost to fall together, with little or no tension on the suture line. The surgeon 
may criticize liimself for deforming the lung, but the disease has preceded him, 
and he has only to supplement the body’s healing efforts by restoring the con¬ 
tinuity of the lung whenever possible. 
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Tlie further eriticisin iias been raised, whenever reapi)rosimatioii of seg¬ 
mental defects is advocated, of causing bronchial distortion. Since tiie bronchi 
are tlic most ineiastie of paronehynial .structures, this ob.iec-tion may he valid. 
However, the following points should be mentioned. As a result of doing 
routine Diono.sil brouehograms, in the group of open-negative patients (sputum 



negative for three months and residual annular shadows after si.v to eight me 
of chemotherapy), in order to delineate the nature of the.s'e radiolueenc- 
h.ave found minor degrees of broneliial deformity in the majority. This 
true bronchiectasis. At the same time, it is an anatomic change as o 










% 


■pig_ 5 .— B, Bronchogram preoperation. G, D, Bronchogram five months postopera¬ 
tion, apical posterior segment, RUL, and wedge, superior segment, RLL, with reconsti¬ 
tution. 

We are not justiiying distortion of the bronchial tree by any surgical pro¬ 
cedure, since any appreciable deviation from normal must interfere with bron¬ 
chopulmonary physiology. However, we wish to recall the probability that a 
great deal of deformity must exist, either as a result of chronic disease processes 
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01 a suigical piocodiuc to tieat this disease, that 110 as physicians aie not aiiaie 
of until the patient’s sjniptonis aic sufficient to pioioke filling Ins hionchial 
tice with contiast media 



Fik 


C —,1 nreoperatUe Sronchograin 
and buperior sesmcntectomy RLL. 


B Dngram of reconstitution after RUL lobectomy 
G, D Bronchograin six montlis postoperation 


Following iccoiistitntion, we ha\c repeatedly obsciied prompt inflation of 
tlio lenianiing segments, up to the suture margin, without anj evidence of tiap 
piiig 01 delav in eniptj nig These findings, plus the absence of any significant 
defoiimtv in postopeiative bionchograms (Figs 4, 5, and 6) i,st that le 
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constiUition in most instances does not contribute to or cause bronchial de- 

ormity, at least beyond the ability of the bronchovaseular structures to undergo 
some readjustment. 

The benign postoperative course ivliich these patients exhibit is a welcome 
change to the problem of treating bronchopleural fistulas. Many do not leak 
, air for more than one or two hour.s, if at all. A former incidence of air leakage 
and postresection space problems in 20 per cent of our patients, who had seg¬ 
mental resections to October, 1954, has disappeared eompletely.^^ 


SUMJIARV 

1. The technique of reconstitution of the lung following bisegmental, uni- 
segmental, or deep wedge resection is not presented as an original method. We 
aie sure that varieties of raw surface approximation have been and are being 
used daily by thoracic surgeons.-* 

2. Our purpose has been to stress the details of the method, as we have used 
it, with particular application to the problem of segmental I’esection in tuber¬ 
culosis. 

3. The dangers of allowing a large, triangular-shaped, raw surfaced defect 
to replace itself in the hemithorax may be significant in a patient with re¬ 
sistant tubercle bacilli in the tissues. The possibilities of formation of an in¬ 
fected pseudocavity or operative defect, bounded entirely by parenclijuna or by 
lung and parietal chest wall, are described. 

4. The theoretical objections to reconstitution of the lung are discussed. 
Practically, the results, both at operation and during the postoperative period, 
are most satisfaetoiy.^* 

The author is indebted to Mr. John Zagurski for his invaluable help with the drawings, 
and to Dr. Charles Pierson for assistance with the pre- and postoperative bronchogranis. 
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CONGENITAL ATRESIA OF THE ESOPHAGUS IN BROTHERS 
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T he discoveiy of congenital aticsia of the esophagus in two biotheis lias 
prompted a seaieh for instances of similar esophageal defects occuiiiiig 
moie than once ni one family The possibility that two childien in the same 
family might be boin with atiesia of the esophagus has not been seiioiisly con 
sideied, since the piesunied mcideiice of esophageal atiesia is only one m 
appioMinately 3,100 biiths 

In 1880, ilacKenzie' lepoited having seen a male infant who died with 
atiesia of the esophagus The infant’s fathei stated that a foimei wife had 
guen biith to an infant who died nineteen days attei bnth with the same 
symptoms as those ucoided in the picsent infant Heizfeld,- in 1926, repoited 
the picsence of esophageal atiesia with tiacheoesophageal fistula on autopsj 
of an infant who was unable to swallow and died sis. days aftei biith A 
sibling, the fiist child of the same patents, had died foity eight horns aftei 
bnth with similai symptoms Heiafeld presumed the infants had similai 
lesions, although an autopsy was not allowed on the sibling 

In 1039, Giievo and lIcDeimotU lepoited the occuiience of congenital 
atiesia of the esophagus in two successive male bnths in the same family The 
mothei and fathei weie thud eousms The fiist boy, bom in July, 1937, died 
shoitly aftei bnth and was found to hate an esophageal atiesia with tiacheo 
esophageal fistula In July, 1938, the mothei gate birth to anothei son with 
esophageal atiesia and tiacheoesophageal fistula In addition, this child had 
an impeifoiate anus The second child died six days aftei bnth No opeiation 
was attempted foi eithei infant 

Lanmaii,* in 1940, repoited the occuiience of congenital atiesia of the 
esophagus with tiacheoesophageal fistula in two successive bnths in the same 
family The fiist patient, a boy, was admitted Dec 2, 1932, at the age of seven 
horns because of an impeifoiate anus As the blind end was too high to leacii 
fiom a peiineal incision, a sigmoidostomj iias done on December tliird On the 
following day, loentgeii studies showed complete obstiiiction of the uppei seg 
nieiit of the esophagus and a large amount of gas in the stomach and intestines 
On exxiosuie of the posteiioi mediastinum, an esophageal atiesia with tiaoheo- 
csophageal fistula was found, but the patient died on the table In Decenibei, 
19 13, the next child, a girl, of the same paicnts uas admitted at the age of two 
dais with an esophageal atiesia with tiacheoesophageal fistula At operation 
the fist ula was doubly ligated and divided between the ligatuies The lowei 
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constitution in most instances does not contribute to or cause bronchial de- 
ormity, at least beyond the ability of the bronchovascular structures to undergo 
some readjustment. 

The benign postoperative course which these patients exhibit is a welcome 
change to the problem of treating bronchopleural fistulas. Many do not leak 
air for more than one or two hours, if at all. A former incidence of air leakage 
and postresection space problems in 20 per cent of our patients, who had seg¬ 
mental resections to October, 1954, has disappeared completely.^' 

SUMMARY 

1. The techniciue of reconstitution of the lung following bisegmental, uni- 
segmental, or deep wedge resection is not presented as an original method. We 
are sure that varieties of raw surface approximation have been and are being- 
used daily by thoracic surgeons.-* 

2. Our purpose has been to stress the details of the method, as we have used 
it, with particular application to the problem of segmental resection in tuber¬ 
culosis. 

3. The dangers of allowing a large, triangular-shaped, raw surfaced defect 
to replace itself in the hemithorax may be significant in a patient with re¬ 
sistant tubercle bacilli in the tissues. The possibilities of formation of an in¬ 
fected pseudocavity or operative defect, bounded entirely" by parenchjmia or by 
lung and parietal chest wall, are described. 

4. The theoretical objections to I'econstitution of the lung are discussed. 
Practically, the results, both at operation and during the postoperative period, 
are most satisfactory.* 

The author is indebted to Mr. John Zagurski for his invaluable help with the drawings, 
and to Dr. Charles Pierson for assistance with the pre- and postoperative bronchograms. 
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T he dibco^eij of cougemtal aticsi.i of the esophagus m two biotheis lias 
piompted a seaich foi mstanecs of similar esophageal defects oecuiiing 
moie tliaii once lu one family The possibility that two ehildien in the same 
family might be bom with atiesia of the esophagus lias not been seiioiisly con 
sideied, since the piesumed incidence of esophageal atiesia is only one in 
appiOMinately 3,100 biitlis 

In 1880, ilacKenzie* lepoited having seen a male infant who died with 
atiesia of the esophagus The infant’s fathei stated that a foimei wite had 
giien biith to an infant who died nineteen dajs attei biith with the same 
symptoms as those leooided in the piesent infant Heizfeld,’ in 192C, lepoited 
the piesence of esophageal atiesia with tiacheoesopliageal fistula on autopsy 
of an infant who was unable to swallow and died sin days aftei biith A 
sibling, the fiist child of the same paients, had died foity eight horns aftoi 
bnth with similai symptoms Herzfeld piesumed the infants had similai 
lesions, although an autopsy was not allowed on the sibling 

In 1939, Grieie and jMcDermotP repoited the occuiience of congenital 
ati esia of the esophagus in two successive male bii ths in the same family The 
motliei and fatliei weie thud cousins The fiist boy, boin in July, 1937, died 
slioitly aftei biitli and was found to have an esophageal atiesia with tiacheo 
esophageal fistula In July, 1938, the mothci gaie bnth to aiiothei son with 
esophageal atiesia and tiacheoesopliageal fistula In addition, this child had 
ail impeifoiate anus The second child died siv dij s aftei bnth No opeiatioii 
W 1 S attempted foi eithei infant 

Lanman,^ in 1940, repoited the occuiience of congenital atiesia of the 
esophagus with tracheoesophageal fistula in tavo successive bn ths in the same 
family The fiist patient, a boy, was admitted Dec 2, 1932, at the age of seven 
houis because of an impeifoiate anus As the blind end was too high to leacn 
fiom a pel meal incision, a sigmoidostomy was done on December thud On the 
following day, loentgen studies showed complete obstiiiction of the upper seg 
ment of the esophagus and a large amount of gas in the stomach and intestines 
On e\posuie of the posteiioi mediastinum, an esophageal atiesia with tiacheo 
esophageal fistula was found, but the patient died on the table In December, 
1933 the ne\t child, a gill, of the same paients was admitted at the age of two 
days with an esophageal atiesia with tracheoesophageal fistula At operation 
the fistula was doubly ligated and divided between the ligatures The lower 
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segment of the esophagus was brought out through the wound, a catheter was 
inserted and the esophagus was sutured to the skin. The patient died eight 
houis after operation. An autopsy was not obtained in either case. 

Copieman, Cannata, and London® rej)orted the occurrence of congenital 
atiesia of the esophagus in two successive male siblings. The first patient, 
born in September, 1946, was found at operation to have an atresia of the 
uiiper segment of the esophagus. The lower esophagus was observed to pursue 
a normal course through the diaphragm. The jiatient did not sui’vive the 
attempt at surgical correction. The next infant, born to the same parents in 
November, 1947, had a congenital atresia of the esophagus, but gas Avas not 
observed in the stomach and intestines. A small amount of Lipiodol injected 
into the upper esophagus resulted in a bronehogram in the subsequent films. 
The patient died of peritonitis following the establishment of a gastrostomy. 
At autopsy, a fistula was found between the upper segment of the esophagus 
and the trachea at about the leiml of the tracheal bifurcation. The lower seg¬ 
ment of the esophagus extended upward for about one inch and terminated in a 
fibrous cord. The mother gave birth to an apparently normal girl fourteen 
months later. 

Pilcher® in a personal communication related two unreported eases of 
esophageal atresia. The first infant, a girl weighing 3 pounds, 12 ounces, was 
born on May 18, 1947, and Avas the first child of her 22-year-old mother. Labor 
had been induced at eight months because of a complicating hydramnios. The 
infant regurgitated all feedings and the diagnosis of an esophageal atresia was 
established Avhen a catheter could not be passed into the stomach. The anus 
Avas more anterior than normal and a catheter could be introduced only 4 cm. 
into the rectum before meeting an obstruction. This finding, coupled with 
marked abdominal distention, made probable the additional presence of atresia 
of the colon. For these reasons it Avas decided not to undertake any surgical 
therapy. However, three days after birth, meconium Avas passed and plans 
Avere made to treat the esophageal atresia. Accordingly, a right transpleural 
thoracotomy was performed. 

The proximal pouch of the esophagus lay in the thoracic inlet and the distal 
end of the esophagus reached the hilum of the lung. Because an end-to-end 
anastomosis of the esophagus could not be accomplished without excessive 
tension, the stomach was mobilized thi-ough the esophageal hiatus and an 
anastomosis of the stomach to the upper esophageal segment was made Avith a 
single layer of interrupted sutures of silk. Four ounces of clear, watery fluid 
escaped from the stomach when it Avas opened. The child did very poorly 
during the operation and several times Avas believed to have died. At the end 
of the operation her condition had improved slightly. Death occurred tAVO hours 
later. An autopsy Avas not carried out. The large amount of clear fluid in the 
stomach, Avhich did not contain bile, made probable an atresia of the upper 
portion of the gastrointestinal tract proximal to the bile duct. 

Pilcher’s second patient was born to the same mother on Sept. 22, 1948, 
there having been no intervening pregnancy. The patient was also a girl and 
weighed 7 pounds, 7 ounces. Normal delivery followed a full-term pregnancy. 
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A diagnosis of esophageal atresia with tiachcoesophageal fistula was made 
Unity si\ liouis aftei deliveiy Two days following biitli, operation was pei 
foinied tliioiigli a light paiascapulai incision The distal segment of the 
esophagus i\as well de\eloped and entered the tiaehea above the carina The 
ti leheoesophdgeal fistula was dnided and the fistula was closed rvith a single 
layei of inteiiupted silk sutuics The pioMiiial segment of the esophagus or ei 
lapped the distal segment so that an anastomosis could be earned out rvithout 
tension The chest rvas closed mthoiit diainage Feedings by mouth rvere 
started trvo days follorring opciation Ten days after opieiation the child rvas 
taking a full foimula and bicast feedings rrcie begun on the follorring dar 
One niontli altei opeiation, a baiiiim srrallorr shorved noimil passige of the 
mateiial tluough the esophagus The child rvas discharged thin dirs later 
Doiiiei' 111 a peisonal lommunication related trvo uniepoited oases of 
esophageal aticsia in brothers The first iiitant, rrho rreighed 7 pounds and i 
ounces, rvas born on tfaj' 8, 1U40 The mothei had been treated toi syphilis m 
December, 1947, but hei serologic test for syphilis had become mgativo The 
infant rvas admitted to the hospital three days following biith whin hi 
leguigitated feedings A bat mm swallow showed esoplnge il aticsia Vues 
cessire amount of an was picseiit m the stomach and intestines The infant 
rvas deeply jaundiced and his tcmpeiatuic rvas 105 6° P by reetuiii In the 
foui houis following admission, lluids weie administcicd and the infant was 
given ponieilltn, dihydiostrcptomycin ritamins C and K, and a small tiaiis 
fusion of whole blood Closuie of the tiachcoesophageil fistula and an end to 
end ainstomosis of the esophagus rvete then canted out undei local anesthesia 
The infant did pooily duiiiig a pait ot the opciation, but was lesusoitated aftei 
an eiidotiaeheal tube was mtioduccd and icspnations weie assisted Altliougn 
the condition of the infant was satisfactoiy upon completion of the opciation, 
he suddenly became eyanotie ten houis latei and could not be lesuscitatcd At 
autopsy the sutuie line was intact Theie was an extensive and or eiwhelming 
hi oncliopiieumonia 


The second child of the iiiothci ot Doinei’s patient rvas a noimal daughtei 
Hei next child was a boy bom on ttaich 5, 1953 The infant leguigitited 
all feedings and rv as admitted to the hospital the day aftei biith He weighed 
1 pounds and rvas in -ood condition Koeiitgenogiams shorved a blind iippei 
osophageal pouch and an nr the intestinal tract On the moiiinig following 
adimssioii, when the infant rvas trvo days old, closuie of the tiacheoesophageal 
fistula and an end to end anastomosis of the esophagus were earned out uudei 
udialation anesthesia An ext.apleuial app.oach was used and, although a 
tear had been made in the pleura, the lung was expanded easi y as the chest was 
closed A No 8 Fi cathetei rvas placed m the extiapleuial space as a dram 
thiougli a stab wound The infant withstood the operation rv ell On the day 
, , , 1 ,„ ,ip,eloncd a light pncumothoiax which rvas 

trowing operation, however, ho tube On tin ■ 


decompiessed by means of an anteiioi 


to instit a posteiioi tube 

followlUff oT>eiatioii it was iiectSsaM 

Ti. ivocf Pseudomonas ac) uginosa was cu 
0^ acuate fluid from the iiffbt chest * i? .c i 

tlx, il 'i it tins time for feeding piupose 

this fluid A gastrostomy "Nvas done av 
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fant developed a leak at the site of anastomosis and apparently the tracheal 
closure had also broken down. The infant died on the ninth day following opera¬ 
tion. An autopsy Avas not permitted. 

No other examples of esophageal atresia in siblings have been found in the 
literature, although Morse,* in 1920, reported the presence of esophageal stric¬ 
ture in brothers, and Ealing,® in 1940, mentioned the occurrence of esophageal 
atresia in cousins. In only one of the cousins, reported by Ealing, was the lesion 
confinned by autopsy. 


CASE reports 

Case 1. D. P., No. 665686, a 3-day-oId white male infant, was admitted to tlic Pediatrics 
Service of the University Hospital on Nov. 18, 1949. His 24-year-old mother hud had a 
normal pregnancy and delivery. The birth weight was 5 pounds, 14 ounces. The child 
regurgitated all feedings following delivery. A diagnosis of esophageal atresia with 
traeheoe.sophageal fistula was made by the referring physician when roentgenograms taken 
after an lodochlorol swallow demonstrated esophageal obstruction at the level of the 
second thoracic vertebra and the presence of air in the intestines. The only other preg¬ 
nancy of the mother, three years earlier, was complicated by toxemia and had resulted in 
a spontaneous abortion. The child's father, paternal grandfather, and paternal great¬ 
grandfather were said to have had congenital heart disease. 

On examination the infant was a well-developed boy who was slightly dehydrated. 
His weight was 5 pounds, 7 ounces; temperature 100“ P. by rectum. His color and cry were 
good. Eespirations were quiet and dry, and the lungs were clear to percussion and on 
auscultation. The heart was normal. No other abnormalities were found. The laboratory 
findings were not remarkable. 

Roentgenograms; An lodochlorol swallow performed before admission demonstrated 
esophageal atresia with a dilated proximal segment, the lower limit of which lay at the 
level of the second thoracic vertebra (Fig. 1, A). TJie lungs were clear. Air was present 
in the stomach and gastrointestinal tract. 

Operation: On Nov. 19, 1949, four days following birth, after hydration had been ac¬ 
complished, an infusion of blood was started in an ankle vein. A right parascapular incision 
was made and the posterior segments of the third, fourth, and fifth ribs were resected. The 
mediastinum was explored through an extrapleural approach. The proximal segment of the 
esophagus was found to bulge inferiorly to the level of the third rib posteriorly. The distal 
segment of the esophagus entered the trachea at its bifurcation. The distal segment 
measured 6 to 7 mm. in diameter and was larger than usual. The distance between the 
proximal and the distal segments measured 9 mm. The distal segment was divided 2 mm. 
from the trachea, and the opening in the trachea was closed in two layers with a con¬ 
tinuous running suture of No. 6-0 silk on an Atraumatic needle. After the proximal seg¬ 
ment had been mobilized, an incision 1 cm. in length was made in its tip. A two-layer 
telescopic anastomosis between the proximal and distal segments was carried out over a 
No. 8 Fr. catheter, using interrupted sutures of No. 6-0 silk. The proximal segment of 
the esophagus was tacked to the prevertebral fascia with a few interrupted sutures. The 
catheter was removed through the mouth. After irrigation of the extrapleural space and 
the instillation of a small amount of penicillin solution, a rubber wick was placed in the 
extrapleural space and brought out through the wound, and the extracostal muscles and 
subcutaneous tissues were closed in layers with interrupted sutures of No. 4-0 catgut. The 
skin was closed with No. 4-0 silk. The child withstood the procedure well. 

Postoperative course: Tiie child's condition remained good. On the second postoperative 
day, a gastrostomy was carried out for feeding. Fluid balance was maintained with intra¬ 
venous infusions of 10 per cent glucose solution and subcutaneous infusions of 2.5 per cent 
glucose solution until full gastrostomy feedings were tolerated. The infant was given 
dihydrostreptomycin intramuscularly, 50 mg. three times each day, and pemcillin intra¬ 
muscularly, 200,000 units each day. One the fourth day following operation, the rubber 
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in tlio wound was completely removed after it had been shortened on preceding days. 
Tho wound healed well. Thirteen days following operation tlie child was alloued to suallow 
lodoehlorol. There was 50 per cent constriction of tho esophagus at the site of the anastomosis, 
but no interference with the passage of the oil .and no extravasation of the oil into the 
njediastinuni. Seventoen days .after operation, oral feedings were begun and tho patient was 
able in six days to maintain his nutrition by oral feedings alone. 

Tho infant was discharged Doc. 21,1940, on a full diet by mouth. Ho weighed 6 pounds, 
14 ounces, Eollowing diseliargo ho continued to gain steadily. The gastrostomy tube was 
removed elsewhere on Juno 7, 1950, and the gastrostomy closed spontaneously. TJie patient 
was readmitted on Sept. 2S, 1951, with acute phary'ngiti.s and tonsillitis. There had been 
some difficulty in swallowing during the attack. Tho child recovered and was discharged 
weighing 24% pounds. A Kugar sw'nllow at this time show'ed no evidence of narrowing 
of the esophagus (Fig. 1, J3). 



V.. .'b lodcchlorol swallow obtained Nov. 18, 

. birth, deinonstratcs a blind upper esophageal poucli. There Is air in tho stomach. 

cvMe^'e'ot harrowing 1- Tlie csopliaffus is normal ana there Is no 


Case 2.—T. P., No. 092857, the brother of t!ie previous patient, was aamitteJ to tlio 
Pediatrics Service of tho University Hospital approximately five liours after birth on Noy. I, 
1950. Tlio infant’s physician liad not been in attendance at the birth of tiio first patient, 
altliough lie had been advised of the findings. Tho noivborn infant was offered glucose solu¬ 
tion tvliidi was regurgitated and the diagnosis was thereby suspected almost immediately after 
birtli. Tlie pregnancy had been normal and the delivery uncorapiieated. 

On examination, tlio infant appeared healthy and in no respiratory dist ;.JIi8 a 
was 5 pounds, 1114 ounces; temperature, 97.8’ F. by rectum; respirations ■''« 

Mucus drained from the mouth. The lung fields were dry and were clear 
auscultation, Tho heart w.as normal. Tho remainder of the physical 
tive. Tho laboratory findings ivere net rcmarhablc, alt (...^tho 
and tho red blood colls 5.4 million. 
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. . The fistula was divided, leaving a 2 mm. cuff of esophageal tissue on the trachea. 



B. 


K *7- ^-.4' Preoperative chest roentgenogram obtained Nov. 3, 1950. 
there is atelectasis of the right upper lobe. Air is present m the stomach. 

A, An lodochlorol si^llow obtained April 2. 1951, demonstrates the esophagus lying to 
the right of the midhne. There is slight narrowing of the esophagus at the level of the third 
thoracic vertebra. The lodochlorol passes into the stomach without hesitation,. 


The fistula was then closed in two layers with a running suture of No. 6-0 silk on an 
Atraumatic needle. A tab of mediastinal tissue was tacked over this w'itli a few interrupted 
sutures of No. 6 0 silk. The upper segment of the esopliagus w as freed and an incision 5 mm. 
in length was made in it^ tip. A No. 8 Fr. catheter was threaded through both proximal and 
distal segments and emerged through the mouth. An end to end anastomosis in two layeis 
w'as carried out with interrupted sutures of No. 5-0 silk, the proximal segment being telescoped 
over the distal segment by the second layer. There was some difiiculty in placing the posterior 
layers of the anastomosis and there was tension on the suture lines. The catheter was re¬ 
moved through the mouth. 

The extrapleural space was irrigated with saline solution and a small amount of peni¬ 
cillin solution was placed in it. The inner end of a rubber wick was placed near the suture 
line and the wound was closed in layers around the drain with interrupted sutures of 
Nos. 4-0 and 5-0 silk. Prior to the closure of the wound, it was noticed that the atelectasis 
of the right upper lobe had cleared. The blood loss was calculated to have been 60 c.c. Tlie 
infant received 85 c.c. of whole blood through an infusion in the saphenous vein. He with¬ 
stood the operation well. 
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Postoperative course In the immediate postoperatne period the infants condition 
continued to be good He reccued intr'imuscuHilj 50 mg of streptomjem four tmies each 
daj, and 200,000 units of penicillin each da;> Fluid balance was inamtained with 
iutra\onous infusions of 10 per cent glucose solution and subcutaneous infusions of 5 per 
cent glucose solution On the third daj following operation the infant was allowed to swallow 
lodoehlorol Roentgenograms showed the esophigus to bo patent and there was no e\tra\asa 
tion of the oil Oral feedings were started on the follov^ing daj At this time removal of 
tlic rubber drainage wick was completed On the ninth postoperative day, a small portion of 
tlie feedings was noted to have escaped through the posterior wound Roentgenograms follow 
ing an lodoehlorol swallow on the following day showed extravasation of the oil into tho 
Miicdiastinum For this reason a gastrostom} was done for feeding Drainage through tho 
posterior wound gradually cea‘‘ed and oral feedings weie resumed on Nov 27, 1950, after 
an lodoehlorol swallow showed a patent esophagus and no extravasation of the oil 

The infant was discharged on Dec 6, 1950, weighing 6 pounds, ounces He con 
tiuued to do well and his weight gam was steady The gastrostonij tube was removed 
five months after opeiation Examination of the esophagus at this time showed some 
narrowing but no dolaj in ewpt}^ng of the esophagus (Fig 2, B) Ihe infant was last seen 
on June 4, 1951, vv hen he weighed 15 pounds, 15 ounces, and was taking a normal diet The 
parents have now moved to another state and reexamination has not been possible V 
report, however, indicates that this patient and Ins brother are progressing well 

DISCUSSION 

Esophageal atiesia \Mth oi without tiacheoesopliageal fistula in childieii of 
tho same patents lias riiely been dcsciibed It had been felt that the possibility 
of this abnormality oeeunmg more than once in siblings i\as almost noiie\isteiit 
The piesenco of esophageal atiosia, houevoi, has been coiifiimed in sii. pairs of 
siblings and suspected in two additional pans In the seues of cases of atiesu 
of the esophagus at tho Uiiiveisiti of Jliehigan Hospital the anomaly has oc 
cuued in siblings onlj once in 182 families 

SUiniABt 

1 Two brotheis, boin successively, wcie found to bate esophageal atiesia 
with tiaeheoesophageal fistula Successful lepan of the anomaly was earned 
out 111 both infants 

2 The known cases of leiified oi picsuincd esophageal atiesia in siblings aie 
leviewed Since the piesence of esophageal atiesia in siblings has been leiified 
only SIX times and suspected lu two othei instances, the piohability of its occiii 
leiice moie than once in a faniilj seems i emote 
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EARLY COMPLICATIONS FOLLOWING RESECTION FOR 
PULMONARY TUBERCULOSIS 

David V. Pecora, M.D. 

Ray Brook, N. Y. 

A ccumulated evidence shows that resection for pulmonary tuberculosis 
can be performed with a very low operative mortality/' However, the 
incidence of complications has not decreased to a corresponding extent. For 
this reason it seems important to review the more serious complications (Table 
I), which occurred following 355 consecutive pulmonary resections for tuber¬ 
culosis performed at the Ray Brook State Tuberculosis Hospital between Jan. 
1, 1950, and July 1, 1955, in the hope of discovering not only their causes, but 
also the most effective method of preventing and treating them. Residual air- 
containing pleural spaces, although no longer a serious problem, are also in¬ 
cluded in this study. 


Table I 


COMPLICATIONS 

1 

NUMBER 

Operative spread of disease 


3 

Hemothorax 


7 

Atelectasis 


I 

Major wound sepsis 


5 

Bronchopleural fistula and empyema 


20 

a. with tuberculous empyema 

7 


b. tvith probable tuberculous empyema 

4 


c. with nontuberculous empyema 

2 


d. without empyema 

7 


Infected emphysematous bulla 


1 

Total 


37 


Three deaths due to pulmonary edema, cardiac arrest, and cause undetermined are not 
considered within the scope of the study. 


Since some of the morbidity is due to tuberculous infection, it is of inter¬ 
est to note that 88 of 355 resections were performed upon patients with posi¬ 
tive sputum by culture. Nine yielded organisms completely or partially 
resistant to three antituberculous drugs; 36, to two drugs; 17, to one drug; 
and 21, to none of the drugs tested. In 5 patients resistance studies were not 
available. Organisms were tested with 10 meg. per ml. of streptomycin, 10 
meg. per ml. of para-aminosalicylic acid, and 5 meg. per ml. of isoniazid. The 
patients received various regimens of these drugs at the time of surgery. 
Pyrazinamide and neomycin were also given to selected patients vRose or¬ 
ganisms were resistant to other drugs. 

^om the Bay Brook State Tuberculosis Hospital. Bay Brook, New York. 

Received for publication Dec. 1, 1953. 

*At Ray Brook there has been no operative mortaiity in the last 209 consecutive resec¬ 
tions for pulmonary tuberculosis. 
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Opeiattie Spread of Disease —This complication, iiianitested bj the appeal 
aiice in the postopeiatne loentgeiiogiani o£ paienehymal shadows which had 
not been ohseiied pi eoperatn ely, occuiicd in tliiee instances Changes weie 
tiansient in 2 patients, and cleaied following lepeated endotiacheal aspiiation 
and continued antitubeieulous ding thciapy (Fig 1) Two of the 3 patients 
had sputum positiie for tubeiele bacilli at the time of suigeiy One patient 
wath positive sputum, w hose opei atioii was pei foi med eai 1 j in this sei les, de 
veloped peimaneiit pulmonaiy changes following the spiead of disease Diiig 
therapy in this instance was not adequate accoiding to pieseiit standaids It 
would appeal, tlieiefoie, that opciatiie spieaiLs aie to a gieat extent j-e^ 
\eisible, especially when the tiaeheobroiichial tiee is maintained lelatnely 
flee of secietions and effeetne diug theiapy is administeied 

In this senes, as well as one piciiously lepoited,’ spiead ot disease did 
not oceui in any instance in which the pi one iiosition was einplojed on the 
opeiatmg table" The Caileiis double lumen catlietei,’ used in seieial in 
stances, was appaieiitly not as cfteetive as the pi one position as illustiated 
by the following ease 

CISE KrpORT 

B L, a 25 year old Ijouseivife, uiidenveiit a rejection of tlie apical and posterior 
segments of the right upper lobe for pulmonary tuberculosis ou Nov 1, 1054 Sputum at 
operation and the resected specimen were negatne on culture for tubercle bacilli Post 
operatively the patient developed a hemothorax and evidence of a bronchopleural fistula 
Sputum was blood tinged and watery Thoracentesis vvas unsuccessful because of the 
presence of clotted blood in the pleural cavity On Nov 8, 1054, the patient was taleeu 
to the operating room for a decortication and repair of the fistula After endotracheal 
intubation the patient was turned from the supine to the left lateral decubitus position 
Immediately, the tracheobronchial tree was flooded with pleural fluid She vvas returned 
to the supine position, and the fluid vvas clean d from the respiratory pissiges V Ciilens 
catheter vvas passed, and the patient vvas again turned Although the catheter appeared 
in proper position, with the balloons adequately inflated, fluid again poured into the de 
pendent bronchi The patient vv is quickly placed in the prono position with immediate 
improvement The operation vvas then performed without further untoward incident 


Hemothorax —Seveie postopci.itive iiitiaplciual bleeding occiuied on seven 
occasions in this senes In five iiistaiices the patient was letuined to the opei 
atiiig loom and le e\ploied within a few hotiis of the oiigmal siugeiy The 
blood clots weie easily lemoved, and imaiiablj' the bleedeis, when piesent, 
proved small and easily contiollable All of these patients did well One 
patient vvas le explored one week following lesectioii (see Patient B L) In 
addition to the anesthesia diffieulties, theie was only fan postopeiative le 
expansion of the lung One patient died without le exploiation It is be¬ 
lieved, 111 letiospect, that the fatal outcome might have been avouled had 
eaily le exploiation been perfoimed Because of expeiiences such as these, 
it IS oui policy to leopeiate as soon as theie is definite evidence of appicciable 
and continued bleeding Use of the Bovie inachine to coagulate chest wall 
bleedeis duiing suigeiy' has leduccd the incidence of postopeiative hcmothoiax 
Atelectasis —^Moie than tiansient atelectasis occuiicd in onlv 1 patient, who 
refused postoperative endotiacheal aspuation In all othei instances eiido 


tracheal aspuation was effective in picvciiting oi allevi 


at tasis It 


1 
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A, Preoperativc roentgenogram. 

B, Roentgenogram taken on the first postoperative day sliowing spread to left side. 

a. Roentgenogram taken twelve days postoperatively showing complete clearing of the spread. This patient liad negative sputum at tlie 
time of resection. 
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was neeessaiy to ijeiforni tiaehcotomy on one occasion to facilitate fiequcnt 
aspiration Other aids m pieventing the occuiieiice of atelectasis weie pie 
opeiative control of seeietioiis by postmal diain.igc and antibiotics, caiefitl 
aspuation of the bionehial tiee duiing anesthesia, and adniiiiisti ation ot anes 
thesia in a mannei which would peiimt eaily letiiin of consciousness post 
opeiatively 

Major Wound Scpsu, —This coinplieation oeciiired in file instances Tince 
of these patients had eultuiable tnbcicle bacilli in the lesected specimens, oi 
sputum at the tune of surgeij Staphylococci weie eiiltuied fioiii foiu 
wounds One wound yielded tubeicle bacilli iihich ueie sensitne to the dings 
admniisteied Thiee of the wounds ivcie debiided and closed secondaiily 
Four wounds aie non completely healed, and one ls healed eveept foi a small 
supeificial poitioii 

Bionchopleuial Fistula, and/oi Enijiyema —Bioiichoplemal fistula, defined 
as a 111010 than tiansient coninniiiicatioii betiiecii the Iiioiitliial tiee and the 
pleiual caiiti, oeeiuied on tueiity occasions Undoiibiedh, iimdciitificd fistulas 
ocouired in the gtoup of cases classified as icsidiinl an coiit.iimiig pleura! spaces 
Hoiieiei, onlj pioved eases of fistula aie iiichided in this anahsis 

The eomplicatioiis of bioiicliopleuial fistula aie siinimaiwed in Table II 
Tubeioulous empjenia occurred only in patients fiom uhosc sputum at the time 
of resection, or lesected speeimeiis, tubeicle bacilli could be eiiltuied Poui of 
these patients still haie “actiie’ “ disease In 3 patients the onipiemas aio small 
and impioiiiig One patient has had a lecent additional losecfion and is non 
doing well t The onlj death oeeuricd in a patient uho lefiiscd tieatmeiit 

Table III lists the theiapy foi bionchopleuial fistulas and oiiipicnias A1 
though many suigical proceduies aie listed, all aie designed to obliteiate dead 
space, a fiiiidaiiiental iirnieiple m the ticatment of emp.icmas 

Residual An Containing Pleiual Space —Piioi to the adoption of the 
routines to be discussed, lesidiial an containing pleiual spaces oceuiied ijuite 
frequently folloiiing lesection It iias loimeih ni^ piactiee to obliteiate these 
spaces by thoiacoplasty within a fen iieehs after leseetion, at uhieh time the 
pleuial eaiity was often exploied Not uncoinmonly, small in leaks could bo 
deinonsti ated fioiii the lung sin lace, eieii in cases iiheie fistulas hid been 
unsuspected clinically Thoiacoplasty, with oi iiithoiit siituie ot the fistiihs. 
Mas with few exceptions successtul in obliteiating the an spices With the 
lapse of time it became obiious that in patients fiom whose sputum, oi lo 
sccted specimens, tubeicle bacilli could not be cultuied, tubeiculous inteotioii 
did not seem to oceui Indeed, nontubci culous empjema laiely oeciiiied, and 
such pleuial an spaces liaie been obseiicd foi manj months without eompli 
cations The piesence of a hiunchial eommumcntion i nely alteicd the situ t 
tion (Fig 2) On the othei hand, when tubeicle b leilli could be cultuied fiom 
the sputum, oi leseeted specimen, tubeiculous empjemi often oceiiiied if the 
dead space was not quickly eliminated 

•\itIonal Tuberculo&ls Vasoclatlon (1350) ClitalOtitlun 

trills ocerUlon is mit listtl In Tibli ill ainct it has htcn iirfoniRi too rcccntlj to 
evaluate results - * 
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uas necessaiy to peifoim tiaeheotoniy on one occasion to facilitate fieqiieiit 
aspuation Other aids in pieicnting the oceuiieiice of afoieefabis iveie pie 
operatae coiitiol of secietioiis hj postuial diaiiiage and antibiotics, caieful 
aspuation of the hionehial tiee diinng anesthesia, and adniinistiation of anes 
thesia in a niannei nhich would peiinit eailj letmn of consciousness post 
operatively 

Vajar Wound Sepsn —Tins complieafion occuiied m die insl.inces Tlnee 
of these patients had euituiable tubeiele bacilli in the lesected speoiinens, oi 
sputum at the tune of suigeiy Staplijlococci iieie cultmed fioni foui 
wounds One wound yielded tubeiele bacilli uhith neie sensitise to the duigs 
admimsteied Tliiee of the nomids weie dehnded and closed SECoudaiily 
Four wounds aie now coniplctcly healed, and one is he ilcd except foi a small 
supeifieial poition 

Bionchoplemal Fisiida and/ot Empyema —Bionthoplcuiai fistnia, defined 
as a inoie than tiaiisient commimieation betnecn the hioiiLhial tiee and the 
pleural caiitj, oecmied on tnentj occasions Undoiihtedli, uuidcntihcd fistulas 
ocetuied m the gioup of cases classified as lesidual an containing piemal spaces 
Honesei, only piosecl cases of fistula aie ineludcd in this anahsis 

The complications of bioiichopleinai fistula aie siiininaiired in Table II 
Tuberculous empyema occiiiied only m patients fiom nhosc sputum at the time 
of leseetion, oi leseoted speeuucus, tubeiele bacilli could be cultmed Pom of 
these patients still ha\c “aotue’ * disease In 3 patients the empsenias aie small 
and improMiig One patient has had a leeeiit additional lesection and is now 
doing ncll t The only death occuiied in a patient nho lofused tioatment 

Table III lists the theiaps foi bionchopicmal fistulas uul empseinas A1 
tliough many suigical piocednies aie listed, all aie designed to obhteiate dead 
space, a fundamental principle m the ticatmciit of empsenias 

Rendual An Containing Pleuial Space ~Piioi to the adoption of the 
loutmes to be discussed, lesidual an containing plcmal spaces occmicd ginte 
frequently following leseetion It nas formeily in\ piaetiee to obhteiate tlieso 
spaces by thoiacoplasty wilfini a feu ueeks aftei lesection at winch time the 
pleural canty ivas often exploied Not uncommonly, small an leaks could bo 
demonstiatcd fiom the lung suiface, esen in cases uheie fistulas had lieeu 
unsuspected climeally Thoiacoplasty, with oi uithout sutiiie of the fistulas, 
uas uith feu exceptions successful m ohhteiatiiig the an spicts With the 
lapse of time it became ohsious that in pitionts fiom uhose sputum, oi le 
seeted specimens, tufaeicie baeilli could not be cultmed, tuhcicnious infection 
did not seem to ocoui Indeed, nonfuhei culous empy ema i ai ely occm i ed, and 
such piemal an spaces hase been ohsened foi nmny months uithout oomph 
cations The piesence of a bioncliiil coniimnncation i iiely alteied the situa 
tion (Pig 2) On the othei hand, uhen tiiheitlc hacilii could be cultmed fiom 
the s]nituiii, oi lesected specimen, tiibci culoiis empsem i often oeeniicd if the 
dead s pace u as not quickly ehmni itcd 

•National Tuberculosis tssocHtlon (I3SO> OIr »il\c itiun 
o-ialunJ’resunr“°" *" performed too rcconlly to 
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Table III. The Treatment op Twenty Patients With Buonchofleural Fistula 
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Since the adoption of the following practices several years ago, persistent 
pleural air pockets have occurred infrequently. Space-filling thoracoplasty 
has been rarely necessary, except after pneumonectomy. The theoretically 
deleterious effects of overdistention on the course of tuberculosis in the re¬ 
maining lung tissue have not been evident, in my experience or that of 
others.^ At resection, the lung is freed sufficiently of adhesions to allow it to 
leaccommodate the pleural cavity. Chest wall bleeders are carefully coagu¬ 
lated with the Bovie machine. Following resection, air leaks are carefully 
controlled. Except following wedge resections, and in rare instances of 
advanced pulmonary emphyseina, when air leaks are difficult to control, the 
raw surfaces of the lung are not approximated by suture. Two catheters 



Pig- 2 —Bronchopleural fistula u ithout empyema following resection of apical and 
posterior segments of right upper lobe Intercostal catheter suction (a) and thoracoplasty 
(B) were unsuccessful m obliterating the postoperative pleural air space 


are emploj^ed for drainage; the tip of one is sutured to the apical pleura, and 
the tip of the other is led to the base posteriorly I early abandoned under¬ 
water-seal drainage, as it depends for effectiveness on the ability of the pa¬ 
tient to cough, which is often erratic in the early postoperative period when 
effective drainage is needed most. Moreover, with gradual pulmonary ex¬ 
pansion, which often occurs Avhen thif> ,type of apparatus is used, the base of 
the lung may become adherent in a position too far eaudad to allow the pul¬ 
monary apex to reach the dome of the pleural cavity. Low negative pressuies 
of -10 to -15 cm. of water have many of the same disadvantages, since the 
lung may not be held firmly in contact with the parietal pleura, a condition which 
promotes early agglutination of the pleural surfaces. Negative pressures of 
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-25 to -40 cm. of water are often necessary. However, the degree of negative 
pressure required may be reduced by maintaining the patient in a reclining 

position luitil air lealmge and fluctuation of fluid in the drainage tubes liave 
ceased. 

As in complicated bronchopleural fistula, the most effective surgical pro- 
ceduies in the treatment of residual air spaces are thoracoplasty or pulmonary 
decortication with or without suture of fistulas, if present. Many spaces will 
disappear spontaneously (Pig. 2). Occasionally, before firm pleural symphysis 
has occurred, intercostal catheter drainage may be effective. However, pro¬ 
longed intercostal drainage should be avoided as secondary infection may 
supervene. 

Infected Emphysematous Bulla .—This complication occurred in 1 patient 
who had pulmonary emphysema. Tubercle bacilli were cultured from the 
resected specimen and from the bulla. The infection cleared after Monaldi 
drainage and further therapy with drugs to which the organisms were sensitive. 

DISCUSSION 

Complications following resection for pulmonary tuberculosis may be due 
to a number of factors. Surgical technique, choice of operation, diligence of 
pre- and postoperative care, and patient cooperation are some of the impor¬ 
tant ones which are difficult to measure. Complicating diseases often influence 
the outcome of a procedure. However, except perhaps for bacteriology, ex¬ 
tent of disease is most important. Although it has been possible in this series, 
and in one previously reported,^ to remove with good results cavitary disease, 
leaving behind appreciable residual nodular disease, it is to be expected that 
in these eases the incidence of complications will be higher than in those from 
which all palpable disease can be removed. 

That bacteriology is an important consideration is indicated by the fact 
. that tuberculous complications did not occur in this series in any patient from 
i whose sputum at the time of surgery, or resected specimen, tubercle bacilli 
could not be cultured. Shefrin,® reviewing our surgical material, has found 
that tubercle bacilli can be cultured from 10 per cent of the resected specimens 
from patients whose sputum has been negative on culture for four months or 
longer prior to resection. It appears, therefore, that by proper selection of 
eases one can almost eliminate tuberculous complications. 

Because of these considerations one should question the advisability of 
performing resection, in the absence of other compelling factors, upon patients 
with positive sputum who have received only one or two weeks of antituber¬ 
culous drug therapy. The advocates of such early surgery have claimed that 
complications are fewer than if surgery were delayed until later, when pa¬ 
tients may have drug-resistant organisms. There are several defects in such 
reasoning. First, after several months of continuous combined drug therapy 
the great majority of patients will have negative sputum. Some will have 
improved sufficiently to require surgery no longer. Those who do come to 
resection udth negative sputum Avill be subjected to minimal risk of tuber- 
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culous compliCtitioiib JIoico\ei, e\Ln if diug lesistant oiganibins appeal in 
appieciable immbeis, it ib laie that they me at once lesibtant to all a\ailablc 
potent antitubei culous diugs 

SUMM \R\ 

Eaily complications follo\\ing lesection foi pulmoiuin tubeiuilosis oceui 
ling o\ei a pciiod of fi\e and one half jcais aie icMcwed Pioplijlaxib and 
tieatinent aie discussed 
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RESTORATION AND RECONSTRUCTION OP THE TRACHEA 

AND MAIN BRONCHI 

Rowan Nicks, Ch.M., O.B.E. 

Auckland, New Zealand 

O RGANIC obstruction of the trachea and of the main bronchi, requiring 
reparative surgical treatment is rare, and the experience in this field of 
any surgeon, in the less densely populated areas, must be limited. The local 
lesion is usually a sequela to accidental trauma, tuberculosis, or benign tumor. 
Local resection of a malignant tumor of the main bronchus is occasionally war¬ 
ranted in eases in which it is of paramount importance to conserve respiratory 
tissue and, at the same time, to give the patient a chance of surgical cure. In 
such rare contingencies, total ablation of the tumor with the involved lobe 
has been planned and reanastomosis of the upper or lower lobe bronchus, 
respectively, to the trachea performed. 

These surgical developments have been the direct outcome of experi¬ 
mental work and clinical applications foreseen and practiced by Kirschner 
(1909), Hohmeier (1911), Neuhof (1917), Taffel (1940), and Daniel (1948). 
It was shown by Belsey (1946), in a report of the first extensive reconstruction 
of the human trachea, that immediate continuity could be restored by means 
of an airtight membrane (fascia lata) supported on a skeleton of wire along 
which normal mucosal continuity was effected by regeneration. Following 
further development of this concept by Rob and Bateman (1949) and by 
Gebauer (1950), authority has been given for the rapid clinical development 
of tracheobronchial resection and repair by suture and graft. 

The successful development of homologous arterial grafts, preserved by 
tissue culture methods and by lyophilization, has not been reduplicated with 
bronchial tissue. Experimental gi-afting of autogenous and homologous tra¬ 
cheal segments has been unsuccessful in the main, the graft being replaced by 
granulation tissue without cartilaginous support, subsequently giving rise to 
I'espiratory obstruction. 

In recent years, the clinical trial of tracheobronchial resection with resu¬ 
ture or graft, has been illuminated by the outstanding work of Gebauer (1950, 
1953). 

The scope of this paper is to discuss our limited experience in treating 
obstructive lesions of the trachea and main bronchi. 

CERVICAL TRACHEA 

Our clinical experience is only partly relevant to this paper. It is con¬ 
fined to the symptomatic treatment of asphyxia from compression, to the per- 

From the Cardio-Thoracic Surgical Unit. Green Lane Hospital. Auckland, New Zealand. 
Received for publication Dec. 1, 1955. 
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manont lestoiation and snppoit of tlic tiacheal lumen, and to the eonsideia 
tion ot iceonstuietion in a ca!>e of caicuionia Thib is biieflj siiinmaiized 
md ictcicnLO is made to specific cases 

(Jhiiual mateiial has liecii limited to 10 patients uith oonstiietioii from 
thjioid adenomata, all ot whom hare been lelieied, and the tiachea icstoied 
by lenunal of the tiimoi ^la a collai incision in the neck, usually without re- 
eouise to splitting tlie steiiuun, to 1 patient with Hodgkin’s disease of the 
thyioid gland, and to 1 patient nith advanced eaicinoma of the tiaehea 
Theie have been no cases of benign tiimoi (cyhndioma) or of Jnjuiy No lo¬ 
cal leconstriietion has been peifoimed 

In the patient with lecuiient thyioid caicinoina, involving the upper 
five lings of the anteiior and lateial walls of the tiaehea (Case 1), resection 
and icconstiiietion was abandoned in favoi of escision of the laiyii\ and 
uppei tiaehea, as the glowing edge of the tiiinoi could not be delineated 
In the patient with Hodgkin’s disease, the ceivicothoiacic tiaehea was 
compiessed to an aiiteioposteiioi slit by a sciiihoiis tumor enveloping the 
viseeial stiuctuics ot the neck It was possible to free the tiachea, the esopha 
gus, and gieat vessels eomplotolj on then anteiioi and lateral aspects, and 
to anohoi the thinned and collapsed caitilagcs by lateially placed siitiiies e\- 
tending to the ceivical tissues and close the wound without tiachootomy Con- 
V aleseonee was uneventfttl 

In the othei patient with advanced careinonia of the trachea, a woman, 
8i years of age, in whom theie was a compiession of the tracheal lumen to an 
anteioposteiioi slit by a laige giowth evtendiiig behind the esophagus, it was 
possible to lehcve the obstiuction by local lemoval of the growth fiom the 
neck using the tisual incision eombnicd with splitting of the manubiiiim steini 
A tiaeheotomy tube was nisei ted on completion to allow time foi healing 
There was consideiable lelief but theie was lapid progiession of the disease 
and ail eaily death fioiii tiaeheoesopliageal fistula 

Uecwient CaicDioma of the Thyiotd —• 

Gasc 1 —G S, farmer, aged Ot llie patient, referred by Mr P Eisdell Moore, was 
admitted to tlio hospital complaining of severe Iiemoptjsis and hoarseness of the voice 
Up roideetonn had been performed two ^ cars previouslj for carcinoma, and although he 
hail been well for tlie following vear, lie was troubled by an occasional cough, hustiness 
of the voice, and an increasing swelling under the thjroid scar 

On physical ex iniination, there was i ilenselj hard growth in the iiiidline of the neck, 
fixed to the trachea and extending up to the thyroid cartilage and downward on the 
tiachea She lower evtremitv leached to within lY* inches ot the sternal notch At bron 
choscopj (a blood} affair), there was little nioveiiient of the vocal cords and just below 
them a friable, ulcerating hemorrhagic tumor was seen to occupj the anterior and lateral 
walls of the trachea for 1 inch 

V full course ot deep v rav tlierapj was given after which the growth was re assessed 
h} bronchoscopj Ihe vocal cords, although less mobile than normal, were considered to 
show improvement from the previous cvamiiiatiou ind the growth was thought to have 
hetomo less extensive, less vascular, and more amenable to oxanunatioa The tumor was 
seen to extend as a sessile, red, ulcerating mass to within IV 2 inches of the glottis and to 
oceupj the anterior and lateral aspects of the trachea for 1U> inches The criteria for 
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resection were fultilled as the tumor appeared to be localized, anteriorly placed, did not in¬ 
volve the recurrent laryngeal nerves, and was so situated as to allow room for the inser¬ 
tion of an inlaj^ below the cords. 

Laryngectomy and excision of the proximal 2 inches of the trachea was performed 
after thoroughly exploring the possibility of local excision of the tumor and reconstruc¬ 
tion of the trachea. A horseshoe incision with the two feet extending upward to the 
thyroid cartilage was made through densely librotie tissue to expose the operation site. 
Tumor or fibrous tissue was found to extend upward and to involve the upper five rings 
of the trachea, and the cricoid and thjwoid cartilages on their anterior and lateral aspects, 
and there was an encapsulated and glandular mass above which there was considered to 
be carcinoma. 

It was not possible to isolate the recurrent laryngeal nerves from this tissue during 
excision of the tumor mass from the anterior and lateral aspects of the trachea, cricoid 
and thyroid cartilages, at which sites there was no proper demarcation. The consensus of 
observers was that conservative operation would have been inadequate for carcinoma con¬ 
sidering the risk of recurrence. Despite preparations for reconstruction by a dermis graft 
attached to tantalum mesh, the operation was abandoned in favor of laryngectomy with 
excision of the upper trachea, cricoid and thyroid cartilages, together with a block dissec¬ 
tion of the upper deep cervical glands. The stump of the trachea was .sutured to the skin 
after deepening the sternal notch. The pharynx was reconstituted and a Kyle’s tube 
passed into the stomach for feeding purposes. 


Comment: The convalescence of the patient was uneventful and speech 
became possible with an esophageal voice. There has been no recurrence (18 
months). Under the circumstances, local resection would have been deplor¬ 
able and contrary to the principles of cancer surgery which require a block 
removal of involved tumor together with the draining lymphatic glands. 
There would be few and very infrequent exceptions to this rule. 

Tracheal recoustruetion by a cylindrical dermis graft on tantalum mesh, 
as carried out in the cadaver and the pig (see Fig. 3), would have been suit¬ 
able for a localized tumor of low grade malignancy, such as cylindroma or 
jldenoma of the trachea. In such a case, difficulty would not be anticipated 
in displaying the recurrent laryngeal nerves. In the presence of malignant 
infiltration and fibrosis, this dissection is hopeless. 


Hodgkin’s Disease of the Thyroid Gland .— 

Case 2.—Mrs. F. S., aged 26. This patient was admitted in poor condition from the 
Cook Hospital (Dr. K. Hall) in considerable distress, suffering from respiratory obstruction 
with cyanosis, stertorous breathing, and a pulse of 120. 


An attempt at thyroidectomy had been made a year previously. At this operation 
such insuperable difficulties were encountered owing to the hard, fibrous, infiltrating nature 
of the o-rowth, that the operation was abandoned after ligature of the left internal jugular 
vein and injury to the left ,^'urrent laryngeal nerve. A diagnosis of Riedel’s struma and 
’"kin’s disease, respect! ' ms made by two independent pathologists. 


wheeze, which wa - ' 
-r the past few > 
illation, she 
and disteni 
Ibutii 


six months prior to admission, had become increasingly 
"wing an acute respiratory infection, 
sed and cyanosed with stertorous breathing, a rapid 
■ s. There was a firm, densely hard, irregular mass 
enlarged thyroid gland and extending down into 
wall to a slit opposite the bodies of the first, sec- 
as no improvement in an oxj'gen tent and urgent 
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The compression was noticed to be mainly, but not entirely, from the left side. In 
the course of brouchoscopic examination, on the operating table under local anesthesia, 
performed in the sitting position owing to the patient’s imminent danger of asphyxia, the 
tracheal lumen was visualized as a slit just beyond the glottis, the mucosa apparently not 
being involved. 

A cuffed intratracheal tube was passed beyond the tumor and general anesthesia 
(Pentothal and curare) induced (Dr. Anson). The neck veins were greatly distended and 
bled freely although oxygenation was satisfactory. 

With the patient in the scmirecumbent position, the tumor was exposed by a collar 
incision with a T-shaped extension downward, dividing the sternum through to the third 
interspace and retracting the raaigins widely. 

A massive, irregular, hard growth extending upward to the thyroid cartilage and 
downward to the tracheal bifurcation, especially on the left side where it had been demon¬ 
strated by x-ray, was found to encircle the trachea and the esophagus as well as the 
carotid sheath on either side, as a scirrhous collar, and to compress the great veins and 
aortic arch and its branches until the trachea was identified. It was possible to extricate 
the carotid sheatli on either side from the encircling tumor. At this stage, the left jugular 
vein was noted to be a fibrous cord, a sequela of the previous operation. The tumor was 



Fig. 1.—Case 2 (F. S.). Histologic section confirming the diagnosis of Hodgkin’s disease. 

densely adherent to, but not infiltrating, the trachea which was compiessed so as to resem¬ 
ble a scabbard. It was freed iu front and laterally, the tumor being divided at the postero¬ 
lateral quadrants to avoid damaging the recurrent laryngeal nerves. The dissection was 
carried upward on either side removing the upper poles of the thyroid gland together with 
a few fleshy lympliatic glands in this region. Some apparently normal thyroid tissue was 
left at the upper pole on the lett side. 

By means of several sutures placed between the lateral walls of the softened trachea 
and the adjacent fibrous tissue, the walls were fixed apart to establish a lumen. The 
sternum was approximated uith wire sutures aud the skin closed, leaving two small open 
drains into the anterior mediastinum. After removal of the intratracheal tube, there was 
a normal air passage and the patient was returned to the ward and placed in an oxygen 
tent. 

A course of deep x-ray therapy to the neck was given for Hodgkin’s disease and her 
immediate recovery was uneventful. Cellular elements, typical of Hodgkin’s disease, infil¬ 
trating and largely replacing the thyroid gland (Fig. 1), ^ve^e confirmed by Dr. S. Williams 
after histologic examination of the specimen. She remains well. 

Comment: 1. The traeliea was compressed by the tumor (as distinct from 
infiltration by carcinoma) and the obsti-uction was relieved by removal of the 
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tumor. 2. Tracheotomy was not possible and indeed undesirable, either before 
or after the operation. 3. Anesthesia was made possible by the insertion of a 
McGill tube under local anesthesia with the patient in the sitting position. 
4. After operation, it was found possible to support the flaccid trachea by 
laterally placed sutures. If these had not been satisfactory, it was planned 
to splint the tracheal walls with steel mesh. 

Discussion .—Local excision and reconstruction is reserved for patients 
with low-grade local malignancy, which as a group, do not respond favorably 
to deep x-ray therapy. The local extensibility of the trachea makes it pos¬ 
sible to excise 1 inch or more of trachea and to reanastomose the ends (Fig. 
2). This is facilitated if the posterior wall is able to be preserved. 




2.—Human trachea after excision ami reanastoniosis of the ends. Post-mortem 

specimen. , .ex 

■CT 5 ~ o_Oprvipnl trachea of a piS opened from behind. Sacrificed six weeks after ex- 

vision of’the anterior and lateral walls and restoration by a tantalum supported dermis graft, 
riie mucosa has almost refi:enerated over the tantalum mesh. 

Ill otlicr cnscs, clGlocts, ivliicli 1i<ivg Iicgii left ciftor Gxcising the tiinioi, Cciii 
bo satisfactorily scaled by using an airtight patch of dermis supported on the 

inner aspect with tantalum mesh (Fig. 3). 

In the presence of inoperable malignant disease, tracheotomy is to be 
avoided if possible as the tube interferes with radiation of tumors, which are 
usually resistant anyhow, and malignant cells are likely to grow along the 
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Local measures may be iieeessarj' to support a flaccid trachea after re¬ 
moval of a tumor compressing it. 

THORACIC TRACHEA 

Experience in reconstituting the thoracic trachea has been limited to three 
cases, each of which presented a different problem; (1) Local excision of a 
tracheal carcinoma and repair using a free graft (Case 3). (2) Local plastic ra- 
construction by a longitudinal incision and transverse suture (Case 4). (3) 

Tracheal replacement b 3 - insertion of a viable bronehotraehcal graft to replace 
tissue lost by stricture (Case 5). 



FiS. lA—Cihe 3 (1. B.), Piimary carcinoma of the tr.ncliea. Uatcral chest -c-iay sliowinn 
the position oC tlic tumor. 

Case 3. I. B., agtsd 5S, medical practitioner. The iJatieiit tvas a lieavy smoker, 
iliere was a history of cougli becoming iiicreasiiigly severe over the past few inonths; loss 
of appetite, and loss of weight and stridor. 

Physical exaininatioa; There was little of note apart from a hard gland in the stijira- 
clavicular region which was reported as showing chronic granulomatous changes. A cir* 
cumscribed mas'j was demonstrated radiologically iu the superior mediastinum between the 
esophagus and tlic trachea and just abovo the aorta (ITig. -kd). Tlio Wassermann reac¬ 
tion was negative. At bronchoscopy (Br. ilcBowell), a rounded, firm, nodular tumor, 
about 2 inches in diameter, was seen protruding through tho right poslerolaterul wall of 
tho thoracic trachea and extending doumiard to just above tho canna. At thoracotomy 
(Oct. 25, 1050—Mr. 1). Robb and R. X.), a hard, irregular, rounded tumor was felt arising 
as an oval projection 2% inches in length from the right side of tho trachea and extending 
upward from just above the curve of the azygos vein. Tlie overlying lung, adherent but 
not inliltrated, was excised and examined. An intratracheal tube was able to bo nmnipu- 
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latcd SO that the tip passfid beyond the proposed excision of the trachea leaving the balloon 
adjacent to the deficiency. An oval window of trachea containing the tumor, together with 
a piece of esophagus, was excised. The defect in the trachea was closed at either end by 
direct sutuie and the central deficiency filled by a firm patch of atelectatic middle lobe of the 
lung covered by pleura on both sides. The esophageal wall was reconstituted by suture. 



Piff 4 C—Post-mortem specimen of the trachea showing the position from which the tumor 
rig. io. jrusi. excised and the well-sealed tracheal deficiency. 


The specimen ivas reported as being an anaplastic carcinoma of the trachea appar¬ 
ently of basal-cell type with malignant infiltration of the esophagus. 
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Apart from tachjcartha anil a tcmpcraturo rising to 100” F, the postoperative recov 
crj was uneventful until the eighth dav when sudden death occurred 

At postmortem, there uas an acute obstruction of the heart bj a cardiac embolus 
11 inches in. length arising from the inferior vena cava (Fig 4R) Ihc tracheal lumen, 
blightlj narrowed above and below bj sutures, showed nn oval window IV^ inches in length 
bj of an inch in width, repaired b> a patch of lung covered on the pleural surface bj 
a smooth lajer of fibrin (Fig 4C) There were residual malignant glands all along the 
trachea histologic examination, there was bhown to be a tissue reaction of the pen 
chondnal suiiporting tissues of the trachea infiltrating into the necrotic patch and char 
actcnstic of the early stages of repair 

Comment: A patch o£ fiim lung tissue was found to seal the tiacheal defect, 
pending natural lepaii This tcelinique oiiginally used for leiiifoicing the raw 
bronchial stump (Chuichill, 1939), has been supeiseded by methods in which 
the tiacheal lumen can be leemistituted and maintained legatdless of the 
amount of tissue excised 



Fig 5 I Case 1 (B L ) Traclicogr'im sho^xing tracheal stenosis opposite the Inner end of 

the clavicles 

Cvsn 4 B L , aged 24, occupational therapist This patient had pulmonary tubercu 
lovis, first recognized in 1047 it which time an x raj of the chest showed minimal infiltra 
tion and sputum tests were positive Symptoms of persistent cough and inspiratory stridor 
together with a wheezo and djapnea were first complained of in October, 1953, and despite 
ten weeks’ treatment with strcptoraycin 1 6in three times wecklj, and para aminosalicjlic 
acid, there was no improvement At bronchobCop> (Dr C McDowell), 1% inches from 
tho vocal cords, the tr ichcal lumen was seen to be reduced to about 5 mm in diameter bj 
tuberculous granulation tibsuo rcnumsceut of polyps This was treated locallj bj painting 
with 30 per cent silver nitrate, and sjstcnucall} by antituberculous drugs After one 
month of treatment, there was still a severe stridor, and at bronchoscopj, the presence of 
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a libromembranous stenosis was seen, 1^ cm. above the earina. After negotiation of the 
stricture by the bronchoscope, the right stem bronchus was shown to be narrowed at its 
entrance, but covered by healthy mucous membrane. 

There was progressive increase in stridor and respiratory distress over the next two 
months, and at a later bronehoseopj’’, the membranous tracheal stenosis was shown to be 
almost complete. The stricture was graphically visualized by tomography and by a tra- 
cheogram (Fig. 5A). Operation was undertaken on Dee. 21, 1953. 

The chest was opened through the sixth intercostal space removing segments of the 
second to sixth ribs, posteriorly. The lung, reasonably healthy in apearance, was freed 
in the extrapleural plane and the azygos vein divided between ligatures. The thick vascu¬ 
lar pleura over the trachea was incised to the thoracic inlet to give better exposure. After 
incision and dissection of the peritracheal fascial envelope, the fibrous stenosis was found 
(Fig. 5B). It was without supporting cartilaginous rings and about % of an inch in 



Pie- 5B—Case 1 (B. L.). Diagrammatic outline of the steps in the reconstruction. The 
intratraciiear tube is in position, 1; above the stricture, 2. The appearances at thoracotomy 
k"tS* ngat&n of the saphenous vein are shown in 3. and after reflection of peritracheal 
fascia in ;. The stages in the tracheoplasty are shown in 6 a,b,c d. The flnal appearances 
are shown in 7. 


length. After insertion of traction sutures into the adventitia and palpation of the upper 
end of the stricture, a transverse incision was made into the trachea immediately above this 
and a vertical extension made downward for 1 inch, dividing the stricture visible as a 
librou.s ring 3 mm. in diameter. The intratracheal tube was advanced dovra the left bron¬ 
chus and respiration resumed without any air leak despite the lack of cuff. A gap in the 
trachea, IVj inches long but with the posterior wall intact, was now present but sealed with 
the intratracheal tube. The trachea having been mobilized up to the neck earlier in the 
operation, and a rubber loop having been placed for traction, it was found possible to 
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draw the upper and lower edges of the tracheal incision together by everting mattress 
sutures, thus completely relieving the stricture. On completion, the intratracheal tube 
was pulled up and the anastomosis tested. After suture of the peritracheal fascia, the 
pleuia was reconstituted. The upper lobe bronchus wa.H healthy but narrow. 

Tlio posto])erative course v/as uneventful and the syni]»toms were completely relieved. 

The patient was readmitted urgently on March 11, with asphyxial symptoms 

and at bronchoscopy the operation site w.as obliterated by laigc ciJejnatous polypoid granu¬ 
lations over the black silk sutures protruding into the trachea. After removal of these 



Fig. 5C.—Photograph of siltch-cutter described In the text 



Fig. 5D. Po.stoperative traclieogram .a year later showing restoration of the normal lumen, 
watery polyps, the tracheal lumen was .shown to bo onlirely sati.sfactory. There have 
been furtlier bronchoscopic cxaiuinatjons from time to time with removal of granulations 
and of stitches divided by a special stitch-cutter (Fig, 5C), and cauterization witJi 30 per 
cent silver nitrate. The condition has healed aod has required no further treatment over 
the past seven months (Fig. 5D), 
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a ftbromembranous stenosis was seen, 1% cm. above the Carina. After negotiation of the 
stricture by the bronchoscope, the right stem bronchus was shown to be narrowed at its 
entrance, but covered by healthy mucous membrane. 

There was progressive increase in stridor and respiratory distress over the next two 
months, and at a later bronchoscopy, the membranous tracheal stenosis was shown to be 
almost complete. The stricture was graphicaliy visualized by tomography and by a tra- 
cheogram (Fig. 5A). Operation was imdertaken on Dec. 21, 1953. 

The chest was opened through the sixth intercostal space removing segments of the 
second to sixth ribs, posteriorly. The lung, reasonably healthy in apearance, was freed 
in the extrapleural plane and the azj'gos vein divided between ligatures. The thick vascu¬ 
lar pleura over the trachea was incised to the thoracic inlet to give better exposure. After 
incision and dissection of the peritracheal fascial envelope, the fibrous stenosis was found 
(Fig. 5B). It was without supporting cartilaginous rings and about % of an inch in 



pj}j 5B —Case 4 (B. L,.). Diagrammatic outiine of the steps in the reconstruction. The 
intratracheal tube is in position, i; above the stricture, 2. The appearances at thoracotomy 
after ligation of the saphenous vein are shown in 3, and after reflexion of peritracheal 
fascia in }. The stages in the tracheoplasty are shown in 6 d. The nnal appearances 

are shown in 7. 

length. After insertion of traction sutures into the adventitia and palpation of the upper 
end of the stricture, a transverse incision was made into the trachea immediately above this 
and a vertical extension made downward for 1 inch, dividing the stricture visible as a 
iibrou.s ring 3 inm. in diameter. The intratracheal tube was advanced down the left bron¬ 
chus and respiration resumed without any air leak despite the lack of cuff. A gap in the 
trachea, 1% inches long but with the posterior wall intact, was now present but sealed with 
the intratracheal tube. The trachea having been mobilized up to the neck earlier in the 
operation, and a rubber loop having been placed for traction, it was found possible to 
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a flbromembranous stenosis was seen, 1% cm. above the carina. After negotiation of the 
stricture by the bronchoscope, the right stem bronchus was shown to be narrowed at its 
entrance, but covered by healthy mucous membrane. 

There was progressive increase in stridor and respiratory distress over the next two 
months, and at a later bronchoscopy, the membranous tracheal stenosis was shown to be 
almost complete. The stricture was graphically visualized by tomography and by a tra- 
cheogram (Fig. 5A). Operation was undertaken on Dec. 21, 1953. 

The chest was opened through the sixth intercostal space removing segments of the 
second to sixth ribs, posteriorly. The lung, reasonably healthy in apearance, was freed 
in tho extrapleural plane and the azygos vein divided between ligatures. The thick vascu¬ 
lar pleura over the trachea was incised to the thoracic inlet to give better e.xposure. After 
incision and dissection of the peritracheal fascial envelope, the librous stenosis was found 
(Fig. 5B). It was without supporting cartilaginous rings and about % of an inch in 



Fig-. 5F.—Case 4 (B. L.). Diagrammatic outline of the steps in the reconstruction. The 
intratracheal tube is in position, Jabove the stricture, 2. The appearances at thoracotomy 
after ligation of the saphenous vein are shown in 3, nnd after reflection of peritracheal 
fascia in J. The stages in the tracheoplasty are shown in 6 a^bfi d. The final appearances 
are shown in 7. 


length. After insertion of traction sutures into the adventitia and palpation of the upper 
end of the stricture, a transverse incision was made into the trachea immediately above this 
and a vertical extension made downward for 1 inch, dividing the stricture visible as a 
librou.s ring 3 mm. in diameter. The intratracheal tube was advanced down the left bron¬ 
chus and respiration resumed without any air leak despite the lack of cuif. A gap in the 
trachea, IVj inches long but with the posterior wall intact, was now present but sealed with 
tho intratracheal tube. The trachea having been mobilized up to the neck earlier in the 
operation, and a rubber loop having been placed for traction, it was found possible to 
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draw the upi)er und lower edges of the tracheal incision togetlier by everting nmttrcss 
sutures', thus completely relieving the stricture. On completion, the intratracheal tube 
Nvas pulled up and the anastomosis tested. Attcr suture of tlm peritracheal fascia, the 
pleura was reeorvstitutcd. The upper lobe bruuchus was l>ealthy Init nariow. 

TIjo postoperative course \.*a'> uneventful ami the ‘'\mptom'« were completely relieved. 

TliQ patient w^as roailinittetl urgently on -Nfaich II, lh.)4, with a^phyxiul symptoms 
aud at bronchoscopy the ojier.itiou site was oblilcratctl by large edematous polypoid granu* 
lations over the black silk sutures protnuUng into the trachea. After removal of these 



Postoperatirc traclieogram a year Uler showing re&toratlon of the nunmi htim» 
waters polyps, the tracJieal luiucii was shown to be entirely sati&facton Tlifre hisf 
flfT bronchoscopic evaniiiiatious from time to time with remosnl ot gramibUtouH 

coat° stitches divided by a special stitcU*cutter (Pig. oC), and cauterization with 3U p. r 
fhn Tio nitrate. Tho condition has healed and has required no further treatment over 
the past soren months (Pig. 51 ?}. ^ 
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Comment: (1) The local endobi’onehial disease occurred without serious 
general disease possibly from the submucosal spread from the lymphatics 
of the upper lobe of the lung. There was local clearing of the disease follow- 
ing applications of silver nitrate and the giving of antituberculous drugs, 
but the stricture formation was progressive with healing. (2) The extensi¬ 
bility of the trachea was quite remarkable. This fact was made use of in 
the repair which at first sight seemed impossible. The plastic operation was 
found to be easier than complete division. (3) There was considerable poly¬ 
poid reaction about the stitches. Obstruction was caused and asphyxia only 
averted by urgent bronchoscopic removal. There was difficulty in removing 
the stitches in the initial stages but this problem was solved by the use of the 
special stitch-cutter. 



Fiff. GA. _Case 5. Tuberculous stenosis of trachea and left stem bronchus. Before operation. 


q^SE 5 ._M. E., a 22-year-old woman,* gave a history of tuberculosis, complicated 

by asthma since’ 19^ at which time a right artificial pneumothorax was induced for 
infiltration of the upper and middle lobes of the lung. There was deterioration in 1948, 
at which time there was shown to be a cavity in the left upper lobe, 2 inches in diameter, 
for which a seven-rib thoracoplasty was performed with subsequent conversion of the 
sputum. The right artificial pneumothorax was discontinued in 1950, the patient remained 
well until 1952 when severe asthma and a wheeze was noticed. At this time the trachea 
was seen, at bronchoscopy, to be narrowed to the diameter of a lead pencil by scarring 

»Case history published in the Brit. J. Surg. 43; 174. 1955. 
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and active tubeiculous granulations nhich LXtt.ndud upward from tht carma for 2 inches 
Treatnieut witli streptomycin aa<l isoauzide uaa €Oatjf:uoi} for six nctks, at the esd of 
whicli time, although the sputum was uigative, thtro was considerable stridor 

Tho patient was aduiitted urgently in ifav, l‘)53, suffering from asphyxia which was 
relieved by sedation ami oxygon T-Ue tracheal lumen was seen, at bronchoscopy, to have 
uwdergono progressive narrowing without ulceration to the size of a goose quill, at the site 
previously mentioned A visual record of the lesion was obtained by a bronchograni 
fracheal stenosis, 2 mchos in length, was denionatratcd extending upward from the canna 
(Fig 6J) TJitre was an appartwlly normal segment of the left stem bronchus below thia 
and proximal to a second stenosis at about the origin ot the left upper lobe bronchus 
Ihere was some distention to tho right bronthial tree 



GS Dfa?rim summarizing the lesion and steps In the operation 


atfi s *0 e of the mmd of this patient was concentrated on breathing An iramedi 
J^sphyxia would be precipitated by excitement or talking She was cy 
an wit respiration, stridor was audible from a distance 

LTaft thought that a satisfactory inUy could be provided by a pedicle 

j ^^a t ly living bronchial stem on the left side across the stenosis The operation 
I ecu carried out under postmortem conditions where details of surgical techniquo anj 
anesthesia had been elaborated 
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The left ehe&t was opened under local anestliesia (Dr. Watt) through the original 
thoracopla.st}- incision. The lung was dissected free, exci.sed at the .stenosis, and the long 
bronchial stump sutured. The loops of the sutures were left uncut, so that it was possible 
for them to be passed under the aortic arch after this had been mobilized and the bron- 
clius withdrawn above. The mediastinal pleuia oieil 3 'ing tlie trachea was incised and the 
stenosis recognized as an elongated constriction 1 inch above the aortic arch. The left 
bronchus and the trachea w-ere incised on the posterolateral aspect right up bejmnd the 
stricture and the intratracheal tube advanced down into the right bronchus to maintain 
respiration. The iiilaj- of the bronchial flap into the trachea and across the stricture was 
accompli.shed hy tj'ing previousl}' placed everting mattress sutures. These were reinforced 
bj' interrupted nj-lon sutures placed at intervals round the pedicle. The mediastinal pleura 
was sutured and the chest closed with underwater drainage to allow the negative intra- 
thoracic pressure to expand the graft (Dig. 615). 

At postoperative bi oiiclioscopj’’, a crescentic tracheal lumen was visualized and the bron¬ 
choscope was passed bej’ond with ease. During the first foit^'-eight hours, the jiatient was 
nursed in an oxygen tent. She gained strength lapidly and convalescence was uneventful. Nu¬ 
trition improved with a 10-pound gain in weight in the fiist two weeks after operation 
(Fig. 6C). 



The patient’s present state, June, 1955, two yeais following operation, was recorded 
as follows: “The lumen in the trachea in the region of the stenosis is noraial except for 
a rounded bulge or dimple wlieie the left bronchus has been drawn upward to provide an 
inlaj'. The patient is w'ell and working.” 

Disciission.—In each case presented, reconstruction has been possible with¬ 
out interruption of the trachea. ..i + „ 

A patch of lung was found to provide satisfactory closure without en¬ 
croachment on the lumen (Case 3), but this expedient has now been super¬ 
seded by the use of a wire mesh prosthesis covered by autogenous dermis graft 
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wliich is moldecl as a reinforced patch onto the intratracheal tube so as to 
overlap the defeet. Bpithelization of the traeheal lumen is aceomplished by 
regeneration of the mucosa over the wire mc.sh. Wire-supported dermis graft 
(Gebauer) is just as effective. For localized constrictions, resection and anas¬ 
tomosis has been practiced successfully. Bearing in mind that the defect is 
much greater after division and release of the stricture, the maintenance of 
the ends in approximation posteriorly as was done in Case -1 may be found 
advantageous. 

Tho principle of reimplantation of the bronchus to the trachea across this 
stricture, akin to a Finney pyloroplasty, has been successfully applied l)y 
Gebauer (1953). 



iftfin specimen oc traclieobronchlal tree of pig renio\etI three months 

en« .w*: tracheal bifurcation anj reconstruction perforined under Iiypotliennia at 

su r. The repair Is almost perfect. 


The cure of a long tracheal stenosis was accomplished by insertion of a 
living bronchial graft (Case 5), a procedure which was later found to have 
been employed unsuccessfully, but recommended for clinical trial by Kergin 
(1952). 

Complete excision of the .segments and restoration of the continuity has 
been accomplished by plastic prosthesis, by Grindlay, Claggott, and Jloerscli 
(1948), and Craig and associates (1949); by .supported autografts of fascia (Bcl- 
SOJ-, 194G; Rob and Bateman, 1949); and, of dermis (Gebauer. 19501. 
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Direct suture is facilitated by approximating the ends with previously 
placed wire tension sutures after careful mobilization above and below. The 
formation of polypoid granulomas is avoided by using multistrand wire and 
fine plaited nylon sutures and everting the edges as much as possible. 

Reconstitution by a permanent prosthesis is to be avoided if possible, ow¬ 
ing to the danger of late dislocation of the prosthesis from its bed of scar 
tissue, and subsequent tracheal stenosis in this site, as experienced b}'^ Craig and 
colleagues (1951), but it has been suggested as an initial treatment in operations 
involving extensive obstruction of the trachea bj^ a new growth and later replaced 
by a well-supported dermis graft, Gebauer (1951). 

Resection of the bifurcation and reconstitution of the trachea has been 
worked out in the cadaver and suece.ssfully performed under hypothermia at 
80° P. on a pig. Oxygen was delivered by means of an intratracheal tube in 
the usual manner until the right chest was opened. By dividing and eannulat- 
ing the right bronchus and connecting this to a separate anesthetic machine, 
temporary oxygenation was maintained, while division of the trachea, together 
with the bifurcation, was accomplished and the upper intratracheal tube ad¬ 
vanced into the left main bronchus. After mobilization and approximation of 
the left bronchus to the trachea, the cannula was removed from the right 
bronchus which was then sutured to the left in a double-barrelled manner, and 
both in turn sutured to the trachea (Fig. 7). 

It is considered that in such a special ease, deliberate surgery will be found 
possible under hypothermia and the harmful effects of suboxygenation on the 
respiratory and vasomotor centers avoided. 

5IAIN BRONCHI 

Opportunities for conservative surgery are few, and only present as lo¬ 
calized benign obstructive lesions in which the peripheral bronchial tree is 
undamaged. Such conditions may result from adenoma or stricture and also 
^ from rare cases of malignancy in which adequate excision of the tumor com- 
/ bined with conservation'of a healthy lobe is desirable owing to limited respira¬ 
tory reserve. 

Case 6.— M. McK., 56 years old, housewife, was admitted on July 10, 1954, complaining 
of wheeze and recurrent episodes of fever over a period of seven years following the 
diagnosis of pulmonary tuberculosis which were relieved by coughing up large amounts of 
mucopus. 

She was treated for twelve months with streptomycin and para-aminosalicylic acid. 
The sputum was converted and has remained consistently negative. 

At bronchoscopy (Dr. C. McDowell), the left main-stem bronchus, 1.5 cm. from its 
origin, was shown to end in a firm, smooth, fibrous stenosis 2 mm. in diameter. The pres¬ 
ence of a localized stenosis, 1 cm. below the carina, was confirmed by a left bronchogram, 
the bronchial lumen widening below to connect with the normal left upper lobe. The 
lower lobe bronchus was completely stenosed (Fig. 8A). 

At operation, performed July 29, 1954, the left low-er lobe was completely collapsed be¬ 
yond the bronchostenosis and the presence of a further stricture in the left stem, unsup¬ 
ported by cartilaginous rings, verified 3.5 cm. proximal to the upper lobe bronchus. 

It was thought possible to perform lower lobectomy of the collapsed and bronchiectatic 
lower lobe and to conserve the upper lobe by a plastic operation on the main bronchus. 
After lower lobectomy, the open left stem bronchus was incised posteriorly upward beyond 
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Fig. 8A,—Case G (M. JtcK.). Tuberculous stenosis of left stem bronchus (partial) and of the 
left lower lobe bronchus (complete). Bronchograni before operation. 



Fly. SiJ.-—..Vfter left lower lobe lobectomy and plastic reconstruction of the left stem bronchus. 
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Preliminary lobectomy, conserving as niucli bronchial tissue as possible, 
was helpful. 

The preliminary placing of stout silk sutures between the upper lobe bron¬ 
chus and the stem bronchus above the stenosis, and also the manual elevation 
of the lobe and its bronchial stem taking the tension as the sutures were tied, 
enabled the procedure to be performed when otherwise it would have been 
difficult, obscured as it was by the aortic arch. 

Discussion: If the local disease is benign and the peripheral luiig tissue is 
healthy, resection and anastomosis are desirable. Operative mishaps in which 
the bronchus is inadvertently divided so as to exclude or narrow the entrairce to 
a healthy lobe should be repaired immediately to forestall the otherwise nrost un¬ 
happy sequelae of collapse, pneumonitis, and empyema (Pig. 9). 



lUslit upper lobe bronebus of pig- reniored 3 months after complete section and 
resuture showing complete normal healing without narrowing of the lumen. 


Traumatic bronchial injuries may be confirmed bronchoscopically and 
urgent operation undertaken to restore continuity. Even at a late stage when 
the disrupted ends have become buried in sear tissue, a healthy lobe may be 
restored by anastomosis of the divided bronchi. 

A note of eaution is sounded in dealing witli benign tumors of the bron- 
ehiis for, in our series of eases, there has been hroiiehiectasis and suppurative 
changes peripheral to the obstructive lesion in all. In one case, there were in¬ 
volved glands and the patient died of secondary deposits within two years. In 
another case, seemingly ideal for local treatment, the lobe had to he removed. 
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after bronehotomy with resection of the tnmor and its pedicle, as it could not 
be inflated. The operation specimen was shown to be partially destroyed by 
bronchiectasis and emphysema and the excised tumor was identified as a low- 
grade malignant cylindroma. 

A classic reconstruction for benign tumor has been reported by Officer 
Brown (1954). After local excision of an adenoma involving the bronchus to 
the upper lobe, the apical segment of the lower lobe, and the basal segments, 
reconstruction of the entire lung was successfully accomplished by suturing 
the divided distal bronchi together as a multibarrelled unit which was then 
anastomosed with the left main bronchus. 

It has been shown on the cadaver that radical lobectomy of both upper 
and lower lobes, so as to include a large bronchial segment together with the 
involved lymphatic glands extending into the mediastinum, can be accom¬ 
plished if local conditions are favorable and the overriding necessity of pres¬ 
ervation of pulmonary tissue is present. 

Experience has confirmed bronchial resection and anastomosis to be much 
more suceessfiil than repair by graft. Retraction of the divided ends may be 
prevented by the plastic procedure described in Case 4. If actual resection 
and reanastomosis is required, it has been found of considerable help experi¬ 
mentally to have a wide exposure of the bronchi, to have adequate control of 
the ends by traction sutures before division of the bronchus, to keep close to 
the lesion, and to place all the difficult sutures in position before any one is 
tied. For complicated reconstruction, the formation of a multibarrelled anas¬ 
tomosis is likely to be helpful. In eases of disproportion, a “Z” plasty in the 
smaller bronchus, as described by Holman and Hahn (1953), for dealing with 
this problem in blood vessels, has been of value in the laboratory. 


STnu;M.<iBY 

The indications for reparative surgery in dealing 'w^ith lesions of the 
ti’achea in its cervical and thoracic parts, and of the main bronchi, has been 
discussed. Details of cases, illustrating the subject matter and also develop¬ 
mental surgical procedures carried out to investigate some controversial prob¬ 
lems, have been included in the text. 

I 'wish to thank members of the Chest Unit for permission to discuss the patients and 
for their help in the management of them. 

Case 3 was operated upon by Mr. Douglas Kobb assisted by the author. 

I acknowledge with pleasure the skill of Dr. J. E. Hinds in making the outline draw¬ 
ings, the help of Dr. Chisholm lileDowell with the manuscript, the industry of Miss Cath- 
erLe Tibbies of the Central Medical Library, the painstaking photography of Mr. Burge, 
and the patience of Miss Kerkin in the typing of the manuscript. 
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POSTURAL CYANOSIS AND ANGINA PECTORIS FOLLOWING 
PNEUMONECTOMY: RELIEF BY CLOSURE OF AN 
INTERATRIAL SEPTAL DEFECT 

Trujian G. Schnabel, Jr., M.D.,<^ Octavio Ratio, M.D.,'”' 

Charles K. Kirby, M.D., Julian Johnson, M.D., 

*usiD Julius H. Coairoe, Jr., M.D. 

Philadelphia, Pa. 

T his is a report of an unusual postpneumonectomy complication, the de¬ 
velopment of an interatrial right-to-left shunt. The story is even more un¬ 
usual in that cyanosis and angina pectoris developed only when the patient was 
sitting or standing; recumbency brought relief. Before this abnormal com¬ 
munication Avas recognized and closed surgically, with almost complete allcAda- 
tion of the patient’s S3unptoms, a A’ariety of clinical and laboratorj’' observations, 
correct in themselves, had inspired some incorrect diagnoses. We believe that 
it will be useful to present not only the case report but also an account of our 
early hesitant and faulty diagnoses. Our difficulties are well described by John 
Hayward when he ivrote, “For Avho is so deaf or so blind as he that willfully 
Avill neither hear nor see ? ” 


case report 


The patient, a 60-year-oH man, was admitted to the Hospital of the University of 
Pennsylvania on July 3, 1950, because of repeated episodes of hemoptysis during a 2-day 
period. He stated that he had been in good health except for several attacks of renal colic and 
an episode of epigastric pain fifteen years before that had been attributed to a duodenal 
ulcer. Chest x-rays, broiichoscopic examination, and microscopic study of the bronchial 
secretions failed to reveal the cause of the pulmonary bleeding. He was followed as an 
outpatient, however, with periodic physical examinations and chest x-rays until July, 1952, 
when a definite lesion was found by x-ray in the upper lobe of the right lung. 

He was then admitted to the University Hospital for thoracotomy. At that time, he 
gave no historj’^ of dyspnea, chest pain, cyanosis, or ankle edema. On phj-sical examination, 
no cyanosis was noted nor was there any clubbing of the fingers or toes. The blood pressure 
was 130/80. No cardiac murmurs were heard. The anteroiiosterior chest diameter was 
slightly increased, suggesting a minimal degree of emphysema. Fluoroscopy of the chest 
revealed no cardiac enlargement. An electrocardiogram was within normal limits. Numer¬ 
ous hemoglobin determinations ranged between 14,5 and 16.2 Gm. The highest red blood 
cell count was 4.6 million. Shortly after admission, a thoracotomy was performed. A 
3 cm. mass in the right upper lobe w’as found, which proved on frozen section to be a 
squamous-cell carcinoma. A right pneumonectoniy was done. No evidence of metastasis 
was found in twelve hilar lymph nodes. The postoperative course was uneventful except 
that on the sixth day he noticed anterior chest pain; it was thought to be related to the 
incision. He was discharged on the fourteenth postoperative day. 
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During: the next fourteen montlis he A>ns readmitted to the hospital live different times 
His cliief coinpHint on each admission was dyspnea associated Mith epigastric pain, the 
latter i\as not relieved b} food or alkali At first these siiiiptonis appeared onlj during 
the da} Later ho noticed that the pain and djspnea occurred only nhen he A\as sitting 
or standing, and disappeared complete!} when he ivas hori/oiital in bed Eveiituall}, the 
seventy of the symptoms had become so great that ho voluntarily remained m bed most of 
the time 

On the first readmissioii, one mouth after the lung resection, the phj sical examination 
had shoued no changes bejond those connected 'nitli the shift to the right of the mediastinal 
structures and the usual lijdrothorax folloning pneumonectomy Iso cyanosis iias ob 
served A gastrointestinal senes T\as interpreted as indicative of an active duodenal 
ulcer In spite of tlie atjpical pattern of the pain, Ins symptoms were thought to be due 
to the ulcer He was therefore discharged on a strict &ipp> regimen 

On the second readmission, two months later, it was thought that the pain and 
dyspnea, which had not been rehe\ed bj the Sipp} regimen, might be related to a decrease 
m pulmonaiN rciene, resulting from pneumoncctomv One observer at this time noted “a 
peculiar, blue color to liis fingernails,” but another of his ph> sicians stated that “no cyanosis 
was present” Limited pulmonary function studies showed a vital capacity of 2,060 ml, 
an inspirator} capaeit} of 1,280 ml, expirator} reserve of 780 ml, maximal breathing 
eapacit} of 60 L per minute, and some degree of nonuniforni gas distribution An ear 
oximeter* showed some increase m the arterial ovjgeu saturation following two minutes 
on a treadmill at two miles per hour During this exercise tho patient developed severe 
d}spnea and chest pain Since the studies showed fair!} good ventilator} function for a 
00 }earo]d man with one lung, it was thought that the reduced exercise toierance might 
be duo, at least in part, to cardiac insufiiciency The diagnosis on discharge was dyspnea 
with ‘a marked functional component” No explanation of tho c}anosis noted by one ob 
server was oftered 

On the third rcadmisaion, in Januar} of 1953, the seventy of the d}spnea and pain 
on standing or sitting made him sta} in bed almost constant!}, but the physical findings 
remained unchanged No cjanosis was observed by an} one Numerous studies were made 
(1) Gastrointestinal x rays and esophagoscopv revealed no evidence of hiatal hernia The 
old duodenal ulcer appeared unchanged from the previous examination (2) Bronchoscopic 
examination and chest x ra} showed no signs of a malignant process nor an} other possible 
cause for the pain (3) Electrocardiogram showed no evidence of m}Ocardial abnormality 
Nitroglycerine did not relieve the pain (4) The use of pneumoperitoneum m an effort *o 
increase the ventilator} efficiency did not relieve the svmiitoms (5) Oximetric studies 
following the inhalation of 100 per cent oxvgen showed a 6 per cent rise in the arterial 
ox}gen saturation, minimal exercise was associated with a 2 per cent fall in the arterial 
OX}gen saturation These results were believed to be due to a decreased pulnionar} 
reserve (6) V manometnc anal} sis of arterial blood, drawn when the patient was re 
cumbent, showed an ox}gen saturation of 94 per cent On JIarch 29, 1953, the patient was 
again discharged, this time without diagnosis Most of the observers felt that his main 
problem was psvclnatnc, in which opinion tho ps}chiatrists concurred In retrospect, it 
becomes plain that no studies during this admission were directed toward the cardinal 
S}mptoia in the patient’s history, namel}, that the pain and d}spnea were never present 
when ho was recumbent 

On his fourth rcadmission in August, 1953, one }ear after pncumonectom}, it was 
noted again tliat ho was cvanotic The fingers showed earl} clubbing Hemoglobin de 
terminations as hi^h as 18 7 Gm were recorded, the hematocrit was 55 per cent Gastro 
intestinal xra}s were again interpreted as showing an active duodenal ulcer A Sippv 
regimen was once more prescribed, and the patient was discharged 

Ihe fifth and last rcadmission was on Nov 24, 19a3 Again, the histor} of d}3pnea 
and pain, except when lie was l}ing fiat, was unchanged Some observers at this time 

’Thp oximeter use I w is a XlilUkan type which records chanscs In oxygen saturation 
with reasonable accuricy but does not measure abaofute values for saturation unless first 
s»et to agree with vafues obtained bj direct meisurcnwnt on art 
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believed that he was cyanotic; others that he was not. The hemoglobin was recorded 
as 17.2 Gm., but otherwise the basic laboratory studies were within normal limits. An 
electrocardiogram showed questionable evidence of “old posterior wall damage.” Members 
of the ward staff were now aware of the relation of the patient's symptoms to his posture; 
nevertheless, studies continued to be done with the patient recumbent. Circulation times 
of 22 and 35 seconds were reported, all done with the patient lying flat in bed. 

Pulmonary function studies were requested again but only screening procedures were 
considered necessary. Fortunately, three things now took place: First, the studies in the 
Pulmonary Function Section are done routinely with the patient in a semisitting position. 
Second, the patient’s cyanosis in this position became obvious to all observers. Third in¬ 
halation of oxygen increased the oximeter reading onlj- 10 per cent and did not relieve 
the patient’s cyanosis. It now became essential to determine the absolute values for 
arterial O. saturation by manometrie determinations on arterial blood samples: while the 
patient was breathing air, the arterial O- saturation was 61 per cent; when breathing 
oxygen, it rose to only 66 per cent. Since, in the experience of the Pulmonary Function 
Section, the failure of inhalation of oxj'gen to increase saturation to 100 per cent should be 
explained only b}" the existence of a venous to arterial shunt,* they recommended that 
angiocardiograms and cardiac catheterization be done to determine whether this shunt was 
located in the lung or in the heart. Thus, in December of 1953, one jmar and five admis¬ 
sions after the patient’s first complaint following pneumonectomy, the diagnosis of the 
right-to-left shunt was made. 

Quickly, however, it was discarded because an angiocardiogram, done with the patient 
recumbent, showed only questionable evidence of a small left-to-right shunt at the auricular 
level. Final “proof” that there could be no venous to arterial shunt came when cardiac 
catheterization, done with the patient recumbent, showed an arterial saturation of 94 per 
cent. The Pulmonary Function Section, indeed, was suspected of having drawn and 
analyzed venous rather than arterial blood. Several days later, stung by this accusation, 
the Pulmonary Function Section again withdrew blood from the semireclining patient from 
a vessel connected to a mercury manometer that registered a blood pressure of 110 mm. 
Hg, i.e., a vessel that could be assumed with some confidence to be an artery. When the 
patient breathed air, the saturation was 65 per cent and when he breathed oxygen, the 
saturation increased to 78 per cent. 

Discussion between members of the Cardiovascular and the Pulmonary Function 
Sections now became sufficiently heated to result in the performance of three really 
critical studies: 


1. Inhalation of low oxygen concentration. With the patient recumbent and asymptomatic, 
the pain and dyspnea were reproduced by the inhalation of 10 per cent oxygen; the pain 
was relieved within two minutes after he breathed 100 per cent oxygen. 

2. Oximetric studies with the patient in various positioiis. There was a marked rise in 
oxygen saturation when the patient lay down after standing. In addition, the arterial satura¬ 
tion was definitely and consistently higher when the patient lay on the right side rather than 
on the left. 

3 Circulation times, with the patient recumbent and at a 45-degree tilt. An ear oximeter 
was used to follow the color changes following the injection of Evans blue dye through a 
catheter into the pulmonary artery, the right ventricle, and the right auricle. The results were 
as follows- At a 45-degree tilt, the circulation times were—pulmonary artery to ear, 13 
seconds- right ventricle to ear, 14 seconds; right auricle to ear, 6 seconds. Eecumbent, a very 
small amount of dye was detected at 6 seconds after the injection of the dye into the right 
auricle, while the majority of the dye reached the ear 10 seconds later. 


»T„ o ctirflv of more 200 patients with anoxemia owing to a variety of causes, 

i V, 1 ^ 1 nn nlr cent oxygen always raised arterial oxygen saturation and dissolved 

inhalation of 100 per Mnt rayg ^ ^ venous to arterial shunt (pu monary hemangioma, 
oxygen content to maximal values umess ^ vc nresent. A high ’->0 of oxygen 

atelectasis, or of < ’ ^ '-"'ays relie mia caused 

in the alveolar gas, effected by >nhalaUon ot uneven impaired 

by pulmonary disorders, whether due to hj uneven 

diffusion. 
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Thus, the fiinl di igno&is nude that, iollouin^ piicumonectomj, a \en 0 u 3 to arterial 
bhunt it the level of the right itnuui hud ilc\eloped, tihich Mas inconsequential when tho 
patient miis recumbent Houeier, Mhen the patient was erect the shunt increased in size 
and caused suflicient hypoxia to produce anginal tjpe of pain 

On Jan 13, 1954, i thoracotomy was performed On exploring the right atrium with 
tho index finger inserted through the atrial appendage, an interatrial defect slightl> larger 
than the finger was found llie defect, which appeared to be a foramen ovale type, was 
located behind and slightly superior to the orifice of the superior vena cava By passing 
two silk sutures through the wall of the atrium, the valve of the foramen ovale, and the 
interatrial septum, it was possible to close tho defect completel;^ when the sutures were 
tied Postoperativelj, tho patient made an excellent recover} Now, twent} two months 
later, he is still acyanotic and ambulator} Ho feels a dull epigastric sensation, but that 
IS far different from tho severe anginal pain about which lie had previously complained 
Tho arterial oxygen saturation, wliilo breathing air, is 97 per cent m an} posture, whether 
measured by tho Pulmonar} Function or the Cardiovascular Sections, and, while breathing 
100 per cent ox}gen, the arterial oxygen saturation and the dissolved ox}gen reach maximal 
values 

DISCUSSION 

Recently, AViight and his associates' lepoited the case of a 31-year old 
man in whom “oithostatic” dyspnea and cyanosis appealed subsequent to a 
tiaumatie injuiy of tho chest Catheterization findings and diieet palpation 
of the light atiium at thoiacotomy led them to tho conclusion that then patient 
had Ebstein’s malfoimation, tlie atiial septal defect was closed, and the synip 
toms disappeai ed Altliough oui patient’s somewhat similar s> mptoms also fol¬ 
lowed tiaumatic injury of the chest, though of a diffeient type (pneumonectomy). 
It was not possible, either on the basis of catheteiizatioii findings oi by direct 
palpation of the atiium at the time of smgciy, to implicate Ebstein’s malforma 
tion It IS 0111 conclusion that the \ciious to aitcual shunt m oiii patient piob 
ably oecuiied heeanse of a simple foiamen oialc type of defect 

Cyanosis oeeuiimg only in the sitting oi ciect position in patients with 
intiacaidiac shunts may he caused by seicial mechanisms 

1 -1 change m the pressure giadient sufficient to pioduce a right to left 
shunt 01 to increase the magnitude of an existing shunt This physiologic state 
has been lepoited by Ilamilton' in a patient with tetialogy of Fallot lesulting 
fiom a niaiked diop in systemic aiteiial piessuie It might also occur as 
the lesiilt of an inciease in light heait piessuies owing to incieased resistance 
to flow through the pulmonary vasculai bed It was not possible to demon 
strate that eithei of these conditions was present in oiii patient The systemic 
aitenal piessuie did not change appieciahly when he was in the eiect position, 
nor could any elevation of light heait iiiessnies be detected when he changed 
fi 0111 the 1 ecumbent to a 45 degi ee semisittiiig position It is possible, how ever, 
that a piessuie giadient developed in oui patient when he was in the elect 
position because of the usual shift of the mediastinal stiuctuics after pneu¬ 
monectomy which, in this patient, led to a change in the lelatiie positions of 
the two atiia Evidence in support of this possibility is that a highei degree 
of arterial satniation was found when he was in a light lateial position than 
when 111 a left lateial position Indeed, in the left lateral iiosition, a pressiiie 
giadient faioiable to the shunting of blood fioui light to left may well hare 
developed on the basis of hj drostatie factois alone 
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believed that he was cyanotic; others that he was not. The hemoglobin was recorded 
as 17.2 Gm., but otherwise the basic laboratory studies were within normal limits. An 
electrocardiogram showed questionable evidence of “old posterior wall damage.” ilembers 
of the ward staff were now aware of the relation of the patient’s symptoms to his posture; 
nevertheless, studies continued to be done with the patient recumbent. Circulation times 
of 22 and 35 seconds were reported, all done with the patient lying flat in bed. 

Pulmonary function studies were requested again but only screening procedures were 
considered necessarj-. Fortunately, three things now took place: First, the studies in the 
Pulmonary Function Section are done routinely with the patient in a semisitting position. 
Second, the patient’s cyanosis in this position became obvious to all observers. Third, in¬ 
halation of oxygen increased the oximeter reading only 10 per cent and did not relieve 
the patient’s cyanosis. It now became essential to determine the absolute values for 
arterial O- saturation by manometric determinations on arterial blood samples: while the 
patient was breathing air, the arterial O- saturation was 61 per cent; when breathing 
oxygen, it rose to only 66 per cent. Since, in the experience of the Pulmonary Function 
Section, the failure of inhalation of ox-j'gen to increase saturation to 100 per cent should be 
explained only bj- the existence of a venous to arterial shunt,* they recommended that 
angiocardiograms and cardiac catheterization be done to determine whether this shunt was 
located in the lung or in the heart. Thus, in December of 1953, one year and five admis¬ 
sions after the patient’s first complaint following pneumonectomj*, the diagnosis of the 
right-to-left shunt was made. 

Quickljq however, it was discarded because an angiocardiogram, done with the patient 
recumbent, showed only questionable evidence of a small left-to-right shunt at the auricular 
level. Final “proof” that there could be no venous to arterial shunt came when cardiac 
catheterization, done with the patient recumbent, showed an arterial saturation of 94 per 
cent. The Pulmonary Function Section, indeed, was suspected of having drawn and 
analyzed venous rather than arterial blood. Several days later, stung by this accusation, 
the Pulmonary Function Section again withdrew blood from the semireclining patient from 
a vessel connected to a mercury manometer that registered a blood pressure of 110 mm. 
Hg, i.e., a vessel that could be assumed with some confidence to be an artery. When the 
patient breathed air, the saturation was 65 per cent and when he breathed oxj’gen, the 
saturation increased to 78 per cent. _ 

Discussion between members of the Cardiovascular and the Pulmonary Function 
Sections now became sufficiently heated to result in the performance of three really 
critical studies: 


1. Inhalation of low oxygen concentration. With the patient recumbent and asjTnptomatic, 
the pain and dyspnea were reproduced by the inhalation of 10 per cent o.xygen; the pain 
was relieved within two minutes after he breathed 100 per cent oxygen. 

2. Oximetric studies with the yatient in various positions. There was a marked rise in 
oxygen saturation when the patient lay down after standing. In addition, the arterial satura¬ 
tion was definitely and consistently higher when the patient lay on the right side rather than 
on the left. 

3. Circulation times, with the patient recunibent and at a 45-degree tilt. An ear oximeter 
was used to follow the color changes following the injection of Evans blue dye through a 
catheter into the pulmonary artery, the right ventricle, and the right auricle. The results were 
as foUows: At a 45-degree tilt, the circulation times were—pulmonary artery to ear, 13 
seconds; right ventricle to ear, 14 seconds; right auricle to ear, 6 seconds. Eecumbent, a very 
small amount of dye was detected at 6 seconds after the injection of the dye into the right 
auricle, while the majority of the dye reached the ear 10 seconds later. 
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DISCUSSION 
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2. A decreased venous oxxjgen saturation. If such a condition existed, no 
increase in the volume flow through the shunt need be postulated, since the in¬ 
creased cyanosis could be due merelj'’ to the mixture of arterial blood mth venous 
blood of greater unsaturation flowing in constant amounts through the shunt. 
It has been shown recently^ that this mechanism may be the cause of the in¬ 
creased cyanosis seen in patients "with tetralogy of Fallot when in an erect 
position. In the patient repoihed by Wright and colleagues,^ the size of the 
shunt and the degree of cyanosis were not closely related. In our patient, how¬ 
ever, the ear oximeter studies using Evans blue dye strongly suggest that most of 
the cyanosis was due to an increase in the actual degree of the venous to arterial 
shunt whenever he sat up. 

The failure of all but one of our patient’s physicians to detect the early 
signs of cyanosis raises the following points: (1) The clinical diagnosis of 
arterial anoxemia by visual observation of cyanosis is uncertain, for the 
ability to recognize blueness varies greatly,■* (2) a well-calibrated, absolute 
reading oximeter may be required to detect anoxemia unless an arterial blood 
sample is drawn and analyzed, and (3) incomplete pixlmonary function studies 
may be misleading; therefore, a complete arterial blood gas analysis should 
be done whenever screening procedures give a questionable diagnosis. 

In retrospect, it is hard to understand why so many of us for so long paid 
no attention to the patient’s history of pain and dyspnea in connection with 
his position. This reluctance to believe what we heard and saw was due to our 
desire to accept an ordinary explanation as the basis of the patient’s symptoms 
and a certain lack of imagination with Avhich we might have postulated a com¬ 
plication of this type resulting from pneumonectomy. 


SUJinAKY 


1. A ease is reported in which a 60-year-old male patient developed a 
venous-arterial shunt through an interatrial septal defect folloxving pneumonec- 

^ tomy performed because of carcinoma of the right lung. 

2. The changes associated with the atrial septal defect resulted in dyspnea, 
epigastric pain, and cyanosis in the sitting and standing positions only; they 
disappeared on recumbency. 

3. Hypoxia was found to occur only in the sitting or standing position 
and was responsible for the dyspnea, cyanosis, and anginal pain. 

4. The atrial defect was surgically closed with almost complete allevia¬ 
tion of the patient’s symptoms. 
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RESECTION AND ORLON GRAFT OP jMULTIPLE AORTIC 
ANEURYSJIS DUE TO TRAUJIA 

Creighton A. II.vrdin, M D. 

KANS.VS City, KLvn. 

T AVO major problems arise fiom the eross-clampiiig of the thoracic aorta 
during resection and graft rcplaecment. They are a rapid dilatation and 
failure of the left ventricle, and ischemic damage to distal organ systems 

Hypothermia is a means by which the cardiac output can be reduced and 
the distal refrigerated tissue has an increased tolerance to ischemia ^ 

DeBakey and Cooley (1951)- and Julian and associates (1953)^ have re¬ 
ported two successful resections and homografting of traumatic thoracic 
aneurysms imder hypotheimia. An additional successful case of traumatic 
multiple aneurysms of the thoiacie aorta tieated by resection and orlon graft 
with hypothermia is presented. 

CASE REPORT 

A 31-yoar old Tvluto man was injured by a land mine explosion in 1943 during World 
War IT, He suffered severe contusion of the left chest without any external wounds and 
was hospitalized for eight months. Since discharge from the service ho has complained 
of fatigue, weakness, exertional djspnea, and left chest pain radiating posteriorlj between 
the shoulders These symptoms increased m seventy during the last jear to such an ox 
tent that he sought medical attention Phjsical examination was negative except for % 
diminished radial pulse in tlie loft arm The blood pressure was 110 sjstolic and 70 
diastolic nim. Hg. The serologj was negative. Complete blood count, unnaljsis, and blood 
chemistry studies were witliiu normal limits An electrocardiogram was normal 

Roentgenologic and fluoroscopic findings confirmed the diagnosis of an aneurjsm of 
the descending arch and thoracic aorta 

Operation; On Sept. 9, 1955, thoracotomj was done with endotiacheal anesthesia 
Anesthetic agents consisted of Pcntothal sodium, oxygen ether, and general hypothermia to 
28® C Two aneurysms were present The superior one arose 2 cm below tlie ongin of the 
left subclavian artery and extended posteriorly into the vertebral gutter and measured 6 by 
9 cm Immediately below this aneurysm the aorta was of normal caliber for a distance of 
15 cm Another aneurjsm arose below this level and extended medially into the mediastinum 
and measured 4 by 4 cm This medial ancurjsni compressed the left mam stem bronchus (Fig 
The aorta above and below the aneurj&ra was normal 

The distal thoracic arch of the aorta and the left subclavian artery were occluded with a 
HcBakey clamp. The distal descending aorta was then cross clamped. The rectal temperature 
was 28® C when the aorta was cross clamped The blood pressure prior to occlusion was 00 
systohe and 40 diastolic mm Hg and rose to a level of 120 sj-stohe and 60 diastolic mm. Hg 
during the 50 minutes of complete occlusion The multiple aneurjsms wore excised and the 
segmental intercostal arteries were ligated os they were encountered A seamless orlon 
prosthetic graft 12 cm long was sutured into the aortic defect (Fig. 2). A continuous No. 4 0 
black arterial silk suture was used The distal clamp was removed fir.st, allowing the orlon 
graft to distend and fill the mesh of the orlon with fibrin 

The proximal occluding aortic clamp was gradually released over a 25 minute period. 
The blood pressure at the end of this time was 60 systolic and 40 diastolic mm. Hg. One 
thousand cubic centimeters of whole blood was given for replacement. The lungs were 
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expanded and catheter chest drainage instituted. The patient was lewarined to 96° F. and 
returned to the recover}- room. Blood pressure at this time was 120 systolic and 60 
diastolic mm. Hg. 

Pathology; Sections of the excised aneurysms showed hyalinization, calcification, and 
fragmentation of the elastic fibers. Many areas of the aneurysms were thin and elastic fibeis 
were absent. 



Fig. 1.—Diagram of multiple thoracic aneurysms due to trauma. 



Pjg_ 2_Surgical defect of descending thoracic aorta spanned with a seamless orlon graft 

The postoperative course was uneventful and the patient was discharged on the tenth 
postoperative day to another hospital to convalesce foi an additional two weeks. There 
wore no cardiac or neurological complications. 

DISCUSSION 

Lam and Aram (1951) reported the liomografting of a syphilitic thoracic 
aneurysm. The aneurysmal sac was left in place and the patient died in three 
months from a mediastinal abscess with secondary hemorrhage. 
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Bi’ock and Graliam (1952)® successfully resected aud homogi afted an 
aneurysm associated with coarctation. The presence of adequate collateral 
ciiculation in coarctation markedly diifercntiates the elfect of thoracic aorta 
occlusion from that of an aneurysm. 

DeBakey and Cooley (1953)“ and Gwathmcy and Thompson (1955)' suc¬ 
cessfully resected and replaced a fusiform aiteriosclerotic thoracic aneur.vsm 
with a homograft. These two operations were done without hypothermia One 
cannot predict preopeiatively the leserve of the heart to withstand the work 
load incident to aortic occlusion or isehcmie damage to distal organ systems. 

In Older to circumvent the complications of acute aortic cross-clamping, 
intraluminal, or external shunts along with partial venous inflow occlusion have 
been done.® Hypothermia seems a moie simple method. The depth of hypo¬ 
thermia does not have to be extreme. A range of 28° C. to 30° C. protects the 
heart against oveiloading and distal organ systems against ischemia. 

SUIMMAHY 

The successful lopair ot multiple traumatic tlioiacic aneuijsms of the 
thoracic aorta is leported Under hypothermia, a seamless orlon giaft was used 
to graft the thoiacic defect. 


KEFERENCES 

1. a Beattie, E J, .Vdoiasio, D, Keshisliian, J if, and Blades, B* Refrigeration in 

Experimental Surgorj of the Aorta, Surg , Gtnec i, Obst 96; 711, 1953. 
b Ilardin, 0. A, Eeissiiiann, Iv E, and Duiiond, E G Tlio Use of Hypothermia in the 
Eeseetioii and Homologous Graft Replacement of the Thoracic Aorta, Ann. Surg 
140. 720, 1954 

c Bigelow, W. G, Callaghan, .T C, and Hopps, T A * General Hypothermia for Experi¬ 
mental Intrncardiao Surgen, Ann Surg. 132 . 531, 1950. 
d Bigelon, W. G., Liiidan}, \V K, Harrison, E. C, Gordon, E. A, and Greennood, tV. P l 
0x3 gen Transport and Utilization at Low Bod\ Temperatures, Am J. Ph 3 Si 0 l 160: 
125, 1950. 

e Fay', T , Observations on Prolonged Human RoXrigciation, New York State J. Med 
40: 1351, 1940. 

2. DeBakey, M E, and Cooley, D A . Successful Resection of Aneurysm of Thoracic 

Aorta and Beplacemeiit by- Graft, .T A M. A. 155; 398, 1954 

3 Julinu, O C, Grove, tV ,T, Die, tV. .S, Sadove, M. S, Javid, H, and Rose, E F • Hypo 

tension and Hypotbermia in Surgery of the Thoracic Aorta, Arch. Surg 70: 720, 
1955. 

4 Lam, C. R, aud Aram, H H' Resection of Descending Thoracic Aorta for Aneurysm: 

Report of Use of Hoinograft in Case and Experimental Study, Ann. Surg. 134: 
743, 1951 j; e 

5 Brock, R. C, and Graham, A. T. P : Resection of Combined Aneurysm and Coarctation 

of the Aorta With Insertion of a Homograft, Guy’s Hosp Rep 101: 207, 1952. 

0. DeBakey, If. E, and Cooley, D, A: Successful Resection of Aneurysm of Thoracic 
_ Aorta and Replacement by Graft, J. A JI A 152 : 073, 1051. 

I. Gvvathmey-, O, and Tlioiupson, C. W.. Aneurvsni Formation in a Homologous Aortic 
Graft in a Human, ,1 TllonACic SoRG 30- 21S, 1955 
s. a DeCamp, P. T, Spencer, R, and Overstreet, ,1. W Experimental Studies in Delayed 
Homologous Arterial Grafting Utilizing an Intra Arterial Tube Shunt, Surgical 
Forum, Proc. Thirty sixth Clinical Coiigic-s AC.S, 1930, Philadelphia, 1051, W. B 
.Saunders Company, p 2S2 

b Clattuorthv, H W, and Varco, R L ■ A Small Bore Polyethylene Shunt to Prevent 
hrechanical Shock After Prolonged Cross Clamping of the Thoracic Aorta, Soc. 
Exper. Biol. A Jled 74: 434, 1950 

c Hardin, C A., Bitchdder, T L, and Sdiafcr, P W.' The Temporary Use of 
Polyethylene Shunts m the Resection and Homologous Graft Replacement of the 
•Vortic .Irch in the Dog, Surgery 32' 21'(, 1032. 



252 


HAEDIN 


J. Thoracic Surg» 
August, 1956 


expanded and catheter chest drainage instituted. The patient was rewarmed to 96“ F. and 
returned to the recovery room. Blood pressure at this time was 120 systolic and 60 
diastolic mm. Hg. 

Pathology; Sections of the e.xcised aneurysms showed hyalinization, calcification, and 
fragmentation of the elastic fibers. Many areas of the aneurysms were thin and elastic fibers 
were absent. 



Fig-. 2.—Surgical defect of descending thoracic aorta spanned with a seamless orlon graft. 

The postoperative course was uneventful and the patient was discharged on the tenth 
postoperative day to another hospital to convalesce for an additional two weeks. There 
were no cardiac or neurological complications. 

DISCUSSION 

Lam and Aram (1951)* reported the homografting of a syphilitic thoracic 
aneurysm. The aneurysmal sac was left in place and the patient died in three 
months from a mediastinal abscess with secondary hemorrhage. 
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Block and Giahani (1952)° successfully resected and lioniogiafted an 
aneuiysin associated with eoaictation The piescnee of adequate collateral 
eiiculation in coarctation markedly diffeientiates the effect of thoiaeic aoita 
occlusion flora that of an anemjsm 

DeBakey and Cooley (1953)“ and Gwathmey and Thompson (1955)' suc¬ 
cessfully lesected and leplaced a fusifoira aiterioscleiotic thoiacic aneuiysin 
u ith a hoiiiogiaft These two operations weie done without lOTotheiiiiia One 
cannot pi edict pieopeiatively the leseiic of the heait to withstand the woik 
load incident to aortic occlusion or iselieinic damage to distal oigaii systems 
In 01 del to ciieuiiiveiit the complications of acute aoitic cioss clamping, 
iiitialuiiiinal, oi evteinal shunts along with paitial venous inflow occlusion have 
been done* Hypotheimia seems a nioie simple method The depth of hypo 
theimia does not hare to be extiemc A lange of 28° C to 30° C pioteets the 
heait against oieiloadiiig and distal oigan systems against ischemia 


SUM'tlRV 

The successful icpaii ot multiple tiaumatic thoiacic aneui 3 &iiis of the 
tlioiacio aoita is lepoited Undei hvpotheiima, a seamless oiloii giaft uas used 
to giaft the tlioiaoio defect 
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LUNG ABSCESS IN INDIA 

Binoka Ban, M.B.B.S. 

Delhi, India 

j^UCH of the knowledge regarding the etiological factors of lung abscess 
IVI has been derived from the experimental work of Brock (1942) and Wig 
(1951). Allen (1928) has contributed a great deal to the understanding of 
the pathology of lung abscess. 

The advent of sulfonamides and antibiotics has changed the outlook in 
this malady. It appears that the time has come when the opinion expressed 
by Smith (1948), Klepser and Davis (1952), and Brock (1952) should be re¬ 
considered in the light of the experience gained in recent years. After a 
critical study of the papers of Jewett and Dimond (1950), Metras and Charpin 
(1954), Fox and co-workers (1954), and Gittens and Mihaly (1954), the much 
advocated surgical procedures even in acute lung abscesses seem to be a little 
out of place. Acute lung abscesses respond easily to the antibiotics. 

In the present communication an attempt will be made to discuss the 
role of antibiotics in the management of lung abscess, 

METHODS, MATERIAL, AND RESULTS 

The present study includes an analysis of 60 eases of lung abscess, 31 of 
which were studied at Jaya Aroyga Hospital, Gwalior, from March, 1950, to 
April, 1953, while 29 cases were studied at the tuberculosis clinic, Delhi, from 
April, 1953, to August, 1955. 

Only those eases have been included in which a specific cause could not 
be found. Lung abscesses secondary to neoplasm, amebiosis, bronchiectasis, 
and foreign body have been excluded. 

Sex: Out of 60 patients, 52 were males, and 8 females. 

Affe: Table I shows the age distribution. 


Table I. The Age Disteibution 


AGE (YEAfiS) 1 

NUMBER OP CASES 

Under 10 

3 

11-20 

8 

21-30 

11 

31-40 

11 

41-50 

16 

51-60 

11 


Etiology: No ease was encountered following dental extraction, operations 
on the respiratory tract, or as a postoperative complication. In 22 eases, 

From C.H.S.S. Dispensary, Karol Bagh-1, Delhi-5, India. 
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dental sepsis was a prominent feature, in another 15 cases, tliero were coiyza 
and catarrh of the upper lespiratoiy passages immediately preceding the lung 
abscess. In 23 cases, no definite etiological factor could he found. 

The lobar distribution is presented in Table II. 


Table II. The lOB-m Distkibotiqv 


LOCATION 

1 A'UMJJEIl OF CASES 

Kiglit upper lobe 

20 

Eight middle lobe 

5 

Eight loner lobe 

18 

Left upper lobe 

9 

lifift lower lobe 

S 


In only 20 cases, in addition to posteroanteiior %iews, lateral skiagrams 
of the chest were taken also to find the segmental distribution. The results 
are shown in Table III. 


Table III. The Slgmestal DisTEUJbTio.s 


SEGMENTS 

1 UlGHTMUb } 

LEFTSIDE 

UppGr Lohe 

Anterior 


0 

Posterior 



Both segments 

1 

- 

Loioer Lohe 

Apical 

6 

3 

Anterior basal 

1 


Posterior basal 

1 

Middle lobe 

i 



The relation of the duiation of the disease aud the effect of therapy is 
pre.sented in Table IV. 


Table IV. The Euect of Theeapy and Dlratios of tub Disease 


DURATION 

Inumdeu of patients I 

DIED 

1 CHF.OMC 1 

CEDED 

Six weeks 

•41 



33 

Over si\ weeks 

19 


11 

8 


In the evaluation, the patients who have been tieated mth antibiotic.s and 
have been followed for at least three months ha\c been included. The results are 
tabulated in Table V. All patients received supportive measures suc-h as proper 
postural drainage and necessary expectorants. 


Table V. Effect of Tle-athe.st 


MMBEK op 
CASES 


Group 1 

PeniciUm and sulfonamides 49 ^ 11 * 10 * 

Gioup S 

Peuicillm and deep x rajs 20 * 3 

Groui) S 

Penicillin, high doses 29 fn o - * 

Group 4 S)t 

Tetracycline 

60 3 

The s>mbDls •. t and { al 

another when one line ot *h**p^r 
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I patients were treated with penicillin, 2 to 4 lacs« 

Z n ^ sulfadiazine, 

about 30 Gin., was administered also. After about three weeks, clinical and 

roentgenologic studies were undertaken to evaluate the results. Seventeen 
patients were completely cured clinically and roentgenologically while in 

II there was no improvement, and another 18 showed clinical improvement 
without any significant change in roentgenologic shadows. This represents 
a cure rate of about 34 per cent. Bronehographic examination was carried 
out in 2 cases. In 1, there was classical saccular bronchiectasis while in the 
other there was a minor degree of cylindrical bronchiectasis. 



Pig. 1.—skiagram of chest, posteroanterior view (K. C., June 6, 1953), which shows a cavity 
with fluid level 5 by 4 cm. surrounded by homogeneous opacity. 

IlliisUative case: K. C., 1738/55, a 2-1-year-old man, reported on June 16, 1953. The 
patient had had a cold and coryza with rhinitis about three weeks pieviously. About 2 weeks 
afterward, he had pain in the right chest and one week later noted fever and cough with pro¬ 
fuse foul-smelling expectoration. The past history was not relevant. His occupation was 
cleaner of petrol trucks. At least twice a week, he had to empty the tank by siphoning the 
remaining petrol from it. A skiagram of the chest made June 15, 1953 (Brg. 1) showed 
a cavity witlr a fluid level of 5 by 4 cm. surrounded by a homogeneous opacity which oc¬ 
cupied the posterior segment of the right upper lobe. He was given 6() lacs of procaine 
penicillin, as 4 lacs daily, which gave him complete clinical cure, but did not clear a 15 
per cent loss of radiolucency. Over a follow-up period of two years he has had no complaints. 
Tomograms made on July 26, 1955, showed small cystlike cavities in the affected segment. 
Bronchograms, made on Sept. 4, 1955 (Fig. 2), revealed saccular and cystic ectasis of the 
posterior segment of the upper lobe and apical segment of the right lower lobe. 


*A lac represents 100,000 units. 
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Comments: Probable pathogenesis in tiiis case appears to be infection 
of the tipper respiratory tract and, at the same time, inhaiation of the petro¬ 
leum. The infected material along with the petroleum produced a bronchial 
embolism leading to an absee.ss formation. The abscess did not limit itself 
to the segmental barrier as shown by the ejdindrieal ectasis of the apical seg¬ 
ment of the lower lobe. Further, this extensive bronchiectasis did not pro¬ 
duce any signs and symptoms for over two years. 



Fig j —A bronchograni. right lateral \je\v (K C. Sept. 4, 1955), which shows saccular and 
cystic bionchiestasls 

Gnoup 2. As chest surgery was not available in J. A. Hospital, Gwalior, 
it was decided that the patients who did not show a satisfactory response to 
penicillin after three weeks should be submitted to a course of deep roentgen 
ray irradiation to the chest with the idea of producing fibrosis. It must be 
confcs.sed that this was an empirical therapy. In this group, penicillin was 
continued for another two weeks and the chest was e.xposed to deep x-rays 
to a total of 1,000 gamma units as 100 units daily, alternately on the back 
and front of the chest. After two weeks, the cases were agaui i eviewed and 
if the cavity had closed [though slight (10 per cent) loss of radiolueeney might 
persist] with no signs and symptom.s, the case was labeled as cured. Hemato¬ 
logic study revealed no ad,erse effects. Ten patients from Group 1, 1 chronic, 
and 9 relieved, were submitted to this thcraiiy. There was no change in the 
chronic lung abscess, but out of the 9 relies ed patients, 7 were cured completely 
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1 Forty-nine patients Avere treated Avith penicillin, 2 to 4 lacs^ 

about 30 Gnu, Avas administered also. After about three A^teeks, clinical and 
roentgenologic studies Avere undertaken to evaluate the results. Seventeen 
patients Avere completely cured clinically and roentgenologically, Avhile in 
11 there Avas no improvement, and another 18 shoAved clinical improvement 
Avithout any sigTiiaeant change in roentgenologic shadoAvs. This represents 
a cure rate of about 34 per cent. Bronehographie examination Avas carried 
out in 2 eases. In 1, there Avas classical saccular bronchiectasis Avhile in the 
other there Avas a minor degree of cylindrical bronchiectasis. 





Fig. 1.—A skiagram of chest, posteroanterior view (K. C., June 6, 1953), which shows a cavity 
with fluid level 5 by 4 cm. surrounded by homogeneous opacity. 

Illustrative case; K. C., 1738/55, a 24-year-old man, reported on June 16, 1953. The 
patient had had a cold and coryza with rliinitis about three ueeks previously. About 2 weeks 
afterward, he had pain in the right chest and one week later noted fever and cough with pro¬ 
fuse foul-smelling expectoration. The past history was not relevant. His occupation was 
cleaner of petrol trucks. At least twice a Aveek, he had to empty the tank by siphoning the 
remaining petrol from it. A skiagram of the chest made June 15, 1953 (Fig. 1) showed 
a cavity with a fluid level of 5 by 4 cm. surrounded by a homogeneous opacity Avhich oc¬ 
cupied the posterior segment of the right upper lobe. He was given 6Q lacs of procaine 
penicillin, as 4 lacs daily, which gave him complete clinical cure, but did not clear a 15 
per cent loss of radiolucency. Over a follow-up period of two years he has had no complaints. 
Tomograms made on July 26, 1955, showed small cystlike cavities in the affected segment. 
Bronehograms, made on Sept. 4, 1955 (Fig. 2), revealed saccular and cystic ectasis of tlie 
posterior segment of the upper lobe and apical segment of the right lower lobe. 


•A lac represents 100,000 units. 
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Comments: Probable patbogeiiesis in this case appears to be infection 
of the n]>pcr respiratory tract aricb at the same time, inhalation of the petro¬ 
leum. The infected material along with the petroleum produced a bronchial 
embolism leading to a 3 i abscess formation. The abscess did not limit itself 
to the segmental barrier as shoivn by the cylindrical ectasis of the apical seg¬ 
ment of the lower lobe. Further, this extensive bi’onehieetasi.s did not pro¬ 
duce any signs and .symptoms for over two years. 



Ply 2.—A bronciwffrani. nebt lateral view (K C.. Sept, 4, J955). uJudi shons saccular and 
cystic bronclilesiasSs 

Guoup 2. As chest surgery was not available in J. A. Hospital, Gwalior, 
it was decided that the patients who did irot show a satisfactory rcs])onse to 
penicillin after three weete .should be .submitted to a course of deep roentgen 
ray irradiation to the chest with the idea of producing fihrosis. It must be 
confessed that this was an empirical therapy. In this group, penicillin was 
continued for another two weeks and the chest was exposed to deep x-rays 
to .a total of 1,000 gamma unit.s as 100 units daily, altonialely oir the back 
and front of the cliest. After two weeks, the cases were again I’eviewed and 
if the cavity had closed [though slight (JO iter cent) loss of radiolueency might 
persist] with no signs and symptoms, the ease was labeled as cured. Hemato¬ 
logic study revealed no adverse effects. Ten patieirts from Group 1, 1 chronic, 
and 9 relieved, wore suinnitted to Uris thciupy. Tlrere was no change in the 
clironic lung abscess, but out of the 9 relieved patients, 7 ivere cured completely 
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according to the above-mentioned standard. Out of these 7 patients, 3 were sub¬ 
mitted to bronchography and in all 3 the contrast medium did not enter the 
diseased area. 

lUnstrathe case. A man -IS-yCars-old, was admitted to J. A. Hospital, Gwalior, on 
.luno 20, 1052, with a history of pyrexia, cough with expectoration, and pain in the right 
side of the chest of six weeks’ duration. Sputum on dliect smear and concentration was 
negative for tubercle bacilli. Eocntgeuogram of the chest (July 5, JD52; Fig. 3), showed 
a cavity with a surrounding area of coiisolid.ation. He was given 60 lacs of penicillin with 
30 Gm. of sulfadiazine. The clinical condition improved but a skiagram of the chest made 
July 28, 1952, showed no change. He was given another 30 lacs of penicillin and a course 
of deep roentgen rays. Bronchography (Fig. 4; Sept. 17, 1952) revealed that the cavity 
had disappeared, and only a slight haziness persisted. The contrast medium did not enter 
the diseased area. 



A skiagram *h® ches^t, poateroanterior view (X. ly No'’. 26. 
ca\uy 6 by 3.5 cm. in the right iower lobe 


1954), siiows a. 


Group 3. With i)a.st ex])erience and newer concepts it was felt that the 
dosage of peiiicilliu was veiy low. It was decided tliat at least 10 to 20 lacs of 
penicillin should be given daily. Nineteen cases were subiiiitted to this therapy, 
S of which liad already received 10 to 60 lacs of penicillin witliout much roent¬ 
genologic change. Of these, 11 were completely cured, while 8 showed only 
clinical improvement. 

Illustrative Cases .— 

C.VSE 1.—K. L., 031/35, a 30 j ear-old “ two-week historj- of fever 

and cough with profuse fonl 5 a]epj„ eipc'"’*'**'"”' ““‘■'-■rate hemoptysis. A 

skiagram of the clicst made J[ay i-l 1055, showed a cavity S by 5.0 cm. in the posterior 





eindra ban 


J. Thoracic Surg. 
August, 1956 



4 * 



Pig. 6.—A skiagram of the chest, posteioantenor 
geneous opacity at the site of cavity. 


view (N. I., April 6, 1955), shows a honio- 
probably an inspissated cavity. 





Pig-. 7.—skiagram of the chest, posteroanterior view (N I June 30, 1955), reveals a 
spill-over abscess, rigfht upper lobe. The closed, inspissated cavity has been replaced by small 
cystic shadows. 
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segment of the left lo^\cr lobe He roccivcil 300 lacs of peuiciHin duung a ono month pe 
nod. Bronchogranis made on Aug 24, 1955, ahoucil hvo cj&thke caMties m the postonoi 
basal segment revealing that ti>o bionchi were commumcating uitli the abscess cavity. 

Case 2—N. I., 3346/54, a 50 jcai old man, icportej on No\. 22, 1954, i\itli a liistorj 
ot three -ueeks of le\er and cough nith proluso foul smelling expectoration. Past historj 
revealed that he had fiecpicat bouts ot respiratory infection follouing an attack of cold 
and coryza. A skiagram make on Nov. 26, 1954 (Fig 5)> revealed a cavity 6 by 3 5 cm. 
Ill the apical segment of right lower lobe. He was given 100 lacs of penicillin for a period 
of tea day 9, with complete clinical euro but the cavity persisted. The patient discontinued 
the treatment and reported again on April 6, J955, and a skiagram of the chest revealed 
.1 homogeneous opacity' (Pig. G), probably an inspissated cavity'. Bronchoscopy at this 
stage revealed that tlie riglit bronchus was full of thick secretion and there was some 
ilistortioii of the bronchial tree. Congestion and swelling of tlie mucosa w-uth some circum 
ferential stenosis was also present. The apical segment of the lower lobe was completely 
occluded Again, the patient disappeared and a checkup on June 30, 1955 (Fig. 7), re 
\eaJed a spill over abscess jn tlic right upper zone, the inspissated cavity had been replaced 
by a small cysthke cavity. The p.itient imgralcd to Pakistan at this stage. 

Comment; This patient had littic radioiogio improvement after 100 lacs 
of penieillin. At one stage, the obstruction was complete in the bronchus due 
to endobronehiai disease aud plugging by the thick purulent material leading 
to the closed inspissated eavity. When the obstruction was relieved, the in¬ 
spissated cavity was replaced by small cystlike shadows, in addition, he had 
a spill-over abscess. 

Bionchographio examination was carried out in 1 cases, iir 2, there was 
saccular bronehieetasis, in the other 2, there was cylindrical residual dilata¬ 
tion of moderate degree of the affected bronchi. 

GnouP 4 It was decided that patients not responding to penicillin should 
he given broad spectrum antibiotics. We tried about 10 Gm. of tetracycline 
in divided doses in 6 patients with acute lung abscess with definite cavities. 
All responded with complete clinical and radiologic cure. Two jjatients were 
submitted to broncltogiaphic exaniinatioii, in 1 a cystlike eavity still persists 
.ifter one and one-half years, and in the other a minor degree of cylindrical 
bronehieetasis still persists. 


Illustrative case: S K, 17/5a, a It^earold girl, reported witti a three week lustory 
of fever aud cough mth profuse foul smelling eipcctorntion. A previous skiagram of the 
chest made Peb 27, 1953, was normal, A skiagram of the chest laado Pec. S, 1053 (Fig. 
S), showed a c.ivitj S hj G cm iii the anterior segmeut of the left upper lobe with a sur¬ 
rounding consolidation She was given ICO lacs of pciiicillin over a period of three weeks. 
The cough and expectoration disappeared but the fever still persisted at P A 
skiagram of the chest .tan 2, 1954 (Pig 9), showed a cystlike shadow 5 5 by 7 cm. She 
was given S Gin of Aureomjem (I.cderle), the fever came down to normal A skiagram 
made on Jail 111, 1954 (Pig 10), showed that the cyst had enlarged to 7.5 to 9 cm. A 
bronchogram made on Feb. 17, 1955 (Pig 11), showed a cystliko cavity with a minor 
iloijrco of resulu il ectabis nt the anterior segment ot the loft ui)per lobe and hngulu 


Comment: Tins case is interesting due to the cniai'gement of the cavity 
ill .l.innary, 19.54, due to the pieaence of a check valve, i e, p.n’lial obitniethn 
anil the bionchogiam levealod .aoystlike cavity with ,a minor- degree of ccta.sii,. 

Bronchoseopio e.vaminatioii during the disease or clinical cure was carried 

nnt in 7 t’.nsp.c. Tn .‘I nnftnnfo t»7.1o 
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Fig. 8.—A skiagram of the chest (S. K., Dec. 8, 1953), shows a cavity 8 by C cm. with sur¬ 
rounding consolidation. 
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Fig 11—A bronchogram (S K, Feb 17 1955) showing a small cystlike cavity with a minor 
(degree of residual bronchiectasis 



264 


bindra ban 


J. Thoracic Surg. 
Auguiit, 1956 


6 bronchi were full of thick purulent material, the mucosa was inflamed and 
congested. There was some distortion of the bronchial tree. In 2 patients 
where there was complete clinical and radiologic cure there was 30 to 50 
per cent bronchostenosis with distortion of the bronchial tree. In 2 patients 
no abnormality was detected. 


DISCUSSION 

The low incidence of lung abscesses in females in the present study, and 
also in the reports by Metras and Charpin (1954), Fox and associates (1954), 
and Gittens and Mihaly (1954), deserves serious consideration. No reasonable 
explanation is available. Lung abscess secondary to operative procedures has 
become comparatively, much less. In the majority of eases, bronchial em¬ 
bolism takes place during a period when the defensive mechanisms are im¬ 
paired by the upper or lower respiratory infections. An analysis of the 
records of this Clinic dui-ing the year 1953 revealed certain interesting facts; 
Of the number of patients suffering from pulmonary tuberculosis, 1,693 were 
men, and 1,533 were women; of those with other respiratory infections, 2,150 
were men, and 808 were women. 

Similar observations have been made in deaths accredited to chronic 
bronchitis by the Registrar General (1946) and Howell (1951), i.e., twice as 
common in males as compared to females. The incidence of acute pneumonias 
is 2 to 3 times gx’eater in males than in females. It is di£6cult to determine 
whether males are specially susceptible to respiratory infections, or whether 
it is the occupational hazards, fatigue, and climatic factors which are responsi¬ 
ble for this variation in incidence.^' 

In Brock's (1952) series, the incidence secondary to operative measures 
was very high. In the present series, however, no case was associated with 
yi^any operative procedures. Wig (1951) could find only 1 case after tooth ex¬ 
traction in a series of 28 cases. In the present study, only cases where a cavity 
was seen at either roentgenologic or postmortem examination are included. 
Basal pneumonia, pneumonitis, or atelectasis is a very common complication 
of operative procedures. It is difficult to place in a water-tight compartment 
where a pneumonitis or atelectasis ends and suppuration begins so as to form 
a definite abscess cavity, as these are the different stages of the same infiam- 
matory process. The appreciation of this postoperative complication and 
strict prophylactic measures such as frequent change of posture, breathing 
exercises, and measures not to inhibit the cough reflex must have contributed 
a great deal to the reduction of the incidence of lung abscess. The situation 
has further improved a great deal by the administration of penicillin, sul¬ 
fonamides and other antibiotics as pi’ophylactic measures. 

With the meager data at our disposal regarding the bronchoscopic and 
bronehographie examination in clinically and radiologically cured patients 
with lung abscess, it appears that segmental bronchi take a prominent part in 
the suppurative process, and bronchial obstruction, either due to the purulent 

*It appears that the incidence of lung abscess runs paraiiel in females to tlie incidence 
of other respiratory infections. 
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niateiial oi the active inflammation of the bionchial mucosa, may lead to eei 
tain sequelae such as a mmor degiee of ectasis oi the peisistence of cystlike 
cavities In iiiterpieting the bi oiiohoscopie fliidiiigs, the fact that the bionohi 
cannot be visualised beyond a pai ticulai distance must be kept in mind This 
ectasis depends on the degiee of bionchial obstiuction and the luflammatorj 
and suppuiative piocess pieseiit in the bionchial tiee It has been shown that 
simple bionchial obstiuction can lead to ectasis due to the retention and dila 
tation of the bionchi by the mucous Cio\atto and associates (1954), and 
Medlar (1955) fiom post moitem and resected specimens have brought out that 
if the bionchial pattern is distorted by evtcnsive paienchymal scainng in non 
tubeieulous conditions, the distention of the bionehi distal to the obstruction 
takes place by eithei letention of the secietions oi the inflammatory pioducts 
In about 80 pei cent of the eases of lung abscess, theie is bronchial embolism 
followed by segmental atelectasis, finally leading to suppuiatioii It appeals 
that lesidual ectasis following abscess depends on the duration of the block 
(by mucus, puiulent material, and the mucosal inflammation and suppuia 
tioii) and distortion of the bronchial pattern by the paienehymal scarring 
The lesults aie compaiable to those of Smith (1948) in his 60 peisonal 
oases, Jewitt and Dimond (1950), Metias (1954), Fo\ and eo woikers (1954), 
and Gittens (1954), le, about 607 pci cent tieated with antibiotics This 
high cuie late, in comjiaiison with the pievious work, is very staking Smith 
(1948) in his collection of 1,498 eases fiom the liteiature found a etiie late of 
10 pel cent Klepsei and his colleagues (1952), and Block (1952) leeoided 
40 8 per cent as the cuie rate Iloivevei, Smith (1948) collected the cases 
Irom the literatuie as fai back as 1932, 'when the antibiotics weie not known 
and the only tieatmeiit foi lung abscess was to drain the pus either by postuial 
diainage, expeetoiants, or suigieal mcasuies 

The results have not been con elated mth the duiation of the abscess at 
the time of theiapy Bveii with the advent of antibiotics and chemotherapeu 
tic agents, the position with regard to chionic abscess has not changed as the 
antibiotic theiapy may steiilizo the canty but does not help to close it The 
only lemedy foi such cliioiiic lung abscess is suigeiy In tins study, etfoits 
hare been made to coiielate the prognosis with the duration of the symptoms 
It IS difficult to place an abscess into an acute oi chioiiic stage as the definition 
has been changing fiom time to tune Neuliof (1940) labels abscesses acute 
within si\ weeks’ duration, subacute fiom si\. to tiielve weeks, and chionie 
aftei twelve weeks Sweet (1942) exteuds the peiiod ot the acute stage to 
four months, while Shaw (1942) extends it to six months Moore’s (1942) 
MOM seems to be moie rational, namely, that chionieity should be judged 
as leiealed by cluneal and radiologic study, time element cannot be the deeid 
mg iaetoi as the piesent stage may be the exaggerition of the pie existing 
disease Table IV shows that theie weie 33 cuies (SO pei cent) out of 41 
patients iv ho wei e ti eated within six n eeks ot the onset of symptoms AVhile 
in coses of more than six weeks’ duiatioii, theie weie 8 (40 per cent) ciues 
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out of 19 patients. It is not difficult to foresee that acute abscess of six weeks’ 
duration, if treated with the proper antibiotic in proper doses, may not recpiire 
any surgical measure. 

The dosage schedule in the Group 1 and Group 2 as shown in Table V 
is very low as compared to the present-day conceptions. It is possible that if 
high doses of penicillin, namely, 10 lacs twice a day, ai’e given in every case 
the cure rate may increase further. 

The broad spectrum antibiotics should be tried in selected eases where 
the organisms are highly sensitive to Aureomycin, Terramycin, Achromycin 
or Ilotycin. In the present study, as already stated, all the 6 patients sub¬ 
mitted to Aureomycin showed remarkable clinical and roentgenologic heal¬ 
ing. Chandler and co-workers (1949) reported a patient with multiple lung 
abscess which responded to Aureomycin, while penicillin, sulfonamides, and 
streptomycin did not alter the course. Gruber and associates (1950), too, 
described a ease of an infant with multiple cavities which showed an impres¬ 
sive response under a combination of streptomycin and Aureomycin with 
sterilization of the sputum and closure of the cavities. Gittens and Mihaly 
(1954) have also reported good results in acute lung abscesses treated with 
the tetracycline group of drugs. Barach and his colleagues (1952) in an ex¬ 
cellent review are of the opinion that chronic pulmonary suppuration does 
not respond in a striking manner to Aureomycin. 

It appears from the present study that in abscesses of recent origin a fair 
trial of antibiotics should be given and about 80 per cent of such abscesses 
will completely heal, clinically and radiologically. There is little disagree¬ 
ment with Brock’s (1952) view that the expectant line of treatment should 
be continued so long as there is clinical and roentgenologic improvement. 
Large doses of penicillin and the tetracycline group of drugs should be tried 
in resistant eases. 


SUMMARY 

A study of 60 eases of lung abscess is presented. No case secondary to 
operative procedure was found. It appears that prophylactic use of anti¬ 
biotics and other measures have reduced the incidence. The low incidence 
of lung abscess in females is a very remarkable feature. Perhaps it runs 
parallel to the low incidence of other respiratory infections like bronchitis and 
p^.^ 0 -^Yx\onia in females. The residual bronchiectasis is usr.ally symptomlos^ 
and is due to the active part played by the bronchi in the pathologic process. 
With the use of antibiotics in large doses in acute lung abscess, a cure rate 
of about 80 per cent can be achieved. 
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ERYTHROMYCIN AS PROPHYLAXIS IN PULMONARY RESECTION 

j\[. L6 pez-Belio, M.D.,* Y. Takimuka, B.S.,-* Robert T. Fox, M.D.,®«^ and 

YLlliaii M. Lees, M.D/'^** 

Chicago, III. 

DARENTERAL use of various drugs as prophylactic agents against post- 
suigical infections has been practiced since etfective chemotherapeutic 
agents became available.^- = Because empyema constitutes one of the more 
serious complications after pulmonary resection, often resulting in a high 
mortality rate or prolonged eoui'se of hospitalization for the patient, there is 
a continuing necessity to seek a more effective prophylactic agent. In recent 
years, antibiotics have become deereasingly effective in preventing this com¬ 
plication due to increasing bacterial resistance to the drugs. This has been 
evident especially in the ease of penicillin-resistant staphylococci.^ Also, 
there is no certainty that the various drugs are distrilnited in adequate con¬ 
centration after parenteral administi>ation in the pleural space especially in 
eases of this type where need for the drug is greatest. This is true particu¬ 
larly with penicillin on which detailed studies have been made.'* 

With the discovery of erythromycin,! the problem of penicillin-resistant 
bacteria has become easier to manage because of the drug's high activity 
against the microorganisms®'^ most often implicated in empyema. Further¬ 
more, the lack of toxicity and the demonstrated accximulation of the drug 
when given in multiple intrapleural®’ ® doses make this antibiotic a practical 
one to use as a prophylactic agent in thoracic surgery. Thus, the purpose 
of this investigation is to determine if erythromycin would provide adequate 
antibiotic coverage in patients undergoing pulmonary resection. 


3IATERIALS and METHODS 


Thirty patients undergoing lung resection in this institution served as 
subjects for this study. All antibiotics were discontinued three days prior to 
the start of the experiments and only erythromycin was administered post- 
operatively. This series of patients was divided into two groups depending on 
the absence or presence of intrapleural catheter drainage after surgery, namely. 
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pnesiinonectoiiiy and parti.il lescction ca&cs, lespeetively In tlie pnouiiionec- 
tomy gioup, thoie weio 18 patients, 12 of whom iicio studied aftei leoeiving 
■1 single iii]LCtion of tiythiomytiii, of tlic.se 12, 8 patients had itceiied 250 
mg and 1 liad icc,c.i\cd 100 mg ol oijthiomycin Patients in this gioiip 
iveie gnen the diug intiaplLiiially immediately aftti closiiic of the chest, 
through the needle used foi nieasniement of intiapleuial iiiessuie In all 
eases, the diug admiiiisteied intiapleuially was the lactobioiiate salt of eiyth- 
lomyein in 1 pel cent solution The lemaining 6 patients in this gioiip weio 
given an initial instillation, iiith subsequent inoeetions made bv the baibotage 
method in oidei to avoid painful intiapleuial leaetion” To 12 patients, who 
eompiised the paitial lescetion group, 250 mg of eiytliiomyeiii was given 
aftei elosuie of the chest thiough the antciioi tathetei nisei ted at the loiel 
of the second aiitoiioi iiitei space while a second cathetei, nisei ted in the 
posteiioi axillaiv hue at the leiol of the eighth oi ninth inteispacc, was clamped 
off Then the anteiioi cathetei was clamped and the patient tiaiisfeired to 
his loom where flasks weie connected to the catheteis between the patient 
and the watei seal bottles The clamps weie then removed and serosangunieoiis 
intiapleuial fluid diaimng tluough the catheteis was tiapped in the flasks 
On subsequent days, the admniistiation of ciythiomyoin was continued by 
the 01 al or intiavenoiis loutc 

Blood samples weie taken fiom the patients of the pneumonectomy gioup 
at 30 minutes, 1, 2, 3, 4, 6, 12, 15, 24, 36, and 48 houis aftei the 400 mg dose 
Fioin the patients gnen the 250 mg dose, blood specimens weie taken at 1, 
", 4, 8, 12, 24, 36, and 48 houis Seiosanguineous intiapleuial fluid samples 
weie diawii at 24, 36, and 48 houis aftei injeetioii of both doses of erythio 
mycin Twelve hoiu uiine specimens, obtained by cathetei left in situ, weio 
(.ollected foi the 48 houi peiiod of obseivation Fiom those gnen multiple 
doses of the diug, similai blood samples weic taken each day, intiapleuial 
fluid was taken at the end of each 24 lioui peiiod just piioi to the injection 
of the next dose Daily total urine spcciiiieiis weie also collected 

In the partial lesection eases, blood samples weie diawii hoiiily from the 
patients foi the fiist 6 houis and at the ninth and twenty fouith houis after 
injectioii Total intrapleiiial fluid was collected liouily foi the fiist 6 houis, 
followed by collection of the fluid m each 6 houi inteival foi the 24 houi 
peiiod Uiine specimens foi 3 houi nitcivak weie collected iia a urethi.il 
cathetei during the fiist 12 houi peiiod followed by a total 12 houi spetimeii 

Ding conceiitiatioii was determined on all specimens collected The 
■volume of intiapleuial seiosanguineous fluid tiapped in the flasks fiom paitial 
lesectioii patients and all uiine samples were iiieasuicd and the total amounts 
ot eiythiomycin piesent in the samples were calculated The method used to 
dcteimine diug coiiceiitiatimi was that of Loo and associates,'" employing 
tin papei disc agai diftusion technique Intiapleuial fluids weie examined 
mitioscopieally and ciiltiiicd foi the pitsiiiee of any mitiooiganisms The 
patients weie obsened closely for two weeks in the immediate postopeiative 
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period. Particular attention was paid to temperature, and pulse and respira¬ 
tion rates, as well as to any signs of toxic or septic condition of the patients 
during this period. 


RESULTS 

/i. Intrapleural Fluid and Serum Levels and Urinary Drug Excretion 
_ 1. Pneumonectomy Cases.—The graph in Pig. 1 shows the average values 
of intrapleural fluid and serum levels and urinary drug excretion in patients 
given a single dose of 250 or 400 mg. At 24 hours, the respective intrapleural 
fluid levels were 12.2 and 26.5 mcg./ml. declining to 10.1 and 19.8 mcg./ml. 
at 36 hours, while at 48 hours the respective levels were 4.5 and 6.8 mcg./ml. 


UJ 

UJ . 



Fig. 1.—Effects on serum of single intrapleural doses of 250 and 400 mg. of erythromycin, 
intrapleural fluid concentrations, and urinary drug excretion in pneumonectomy patients. 
Average results from the use of 250 mg. on 8 patients, and 400 mg. on 4 patients. 

Figs. 1 and 2 taken from M. Ldpez-Belio and Y. Takimura, Intrapleural, Intravenous and 
Oral Administration of Erythromycin. Comparative Studies of Serum and Pleural Fluid Levels 
and Urinary Drug Excretion, Antibiotics Annua/ 1954-1955, Medical Encyclopedia, Inc., New 
York. Permission granted by Henry Welch, Ph.D., editor. 


These concentrations of erythromycin are inhibitory to all susceptible micro¬ 
organisms. Serum levels followed the same curve as the intrapleural fluid 
levels, reaching a peak concentration at 3 hours of 1.4 meg./ml. with a 250 
mg. dose and 3.1 meg./ml. with the 400 mg. dose. Thereafter, there was a 
gradual decline in the levels until at 24 hours the concentrations were 0.16 
and 0.27 mcg./ml., respectively; 48-hour levels were 0.04 and 0.12 mcg./ml. 
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Total drug excretion in urine in general followed tlie curve of the serum levels. 
The total ^8-hour drug outimt in ui'ine was -1.8 per cent of the 250 mg., and 

10.5 per cent of the 400 mg. dose administered. During the first 12-hour 
period with the 250 mg. dose, drug excretion amounted to 52.T per cent of the 
total ill 48 hours *, iu each of the subsequent 12-hour periods 30.3 per cent, 
11.4 per cent and 5.6 per cent, respectively, of the 48-hour drug excretion 
were found. Similarly, with the 400 mg. dose, the corresponding figures were 

51.6 per cent, 36.1 per cent, 9.0 per cent, and 3.2 per cent. 
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PIff 2—Effects on serum of multiple Intrapleural doses of crythrorJiycin. Intrapleural 
fluid concentrations, and drug excretion In the urine of pneumonectomy patients A\erage 
results from 3 patients uho were fci'ren initial 400 mg. doses followed by daily instillations 
of 250 mg., and from unotlier group of 3 patients, given 400 mg. daily for 3 days, after the 
initial dose of 400 mg. 


The effect of multiple doses of erytliromycin on scrum levels was similar 
to those seen with the single dose. However, detenninations ot the drug con¬ 
centration in intrapleural fluid withdrawn just prior to tlie daily injection 
revealed a rising level, increasing from 15.5 meg./mh, 24 hours after the first 
injection of 400 mg., to 31.G and 72 nicg./ud., 24 hours after the last injection 
of 250 and 400 mg., respectively. Thereafter there was a rapid decline in the 
levels which, however, were of elfccth^e concentration 48 hours after the last 
injection of 250 mg. and 72 hour.s after the last 400 mg. do.se. Daily urinary 
drug excretion after the finst day remained appro.ximately at a constant level 
during administration. Average daily drug excretion during administration 
amounted to G.l per cent of 250 mg., and 8.5 per cent of the ''-^se. 

Tliese results are seen in the graph of Fig. 2. — 
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period. Particular attention was paid 
tion rates, as well as to any signs of u 
during this period. 

KKSi 

A. Intrapleural Fluid and Seraui 
1. Pneumonectomy Cases .—The gi 
of intrapleural flixid and serum level' 
given a single dose of 250 or 400 mg. 
fluid levels were 12.2 and 26.5 meg. 
at 36 hours, while at 48 hours the e- 


.' SiTWim through the 
-^taiesentration in 
Aeafc* after intra- 
'.‘ 2 .1. The total 
’ ^Tis 130.11 mg. 
- .,5 per cent of 
'.le sixth hour. 
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B. Clinicnl Ohservations 

III tho gfoui) of IS pneumonectomy patients, dufing administration of 
erythromycin, intrapleural scrosanguincous tluid was withdrawn daily after 
surgery. The fluid showed no change in color or consistency and no evidence 
of bacterial growth was noted with cither the 250 or 400 mg. dose given. The 
postoperative course of these patients was uneventful; temperature retuimed 
to normal in 24 to 3C hours, and blood pressure, pulse and respiration rates 
were all within normal limits. Soft tissue infection failed to develop and 
postoperative infection of the pleura or lung parenchyma was absent in ail 
patients. One of these patients, however, died on the eighth postoperative 
day. Death resulted from pulmonary edema due to left heart failure which 
was eonfirmed by post-mortem findings. Tho patient had received the last 
dose of 250 mg. 48 hours prior to death; immediately after deatli, cardiac 
puncture and pleural aspiration wei'e pei-foi-mcd. The specimens appeared to 
be grossly normal. Baeteriologie examination ^vas negative and eiythromyein 
concentrations were 0.04 mcg./ml. in heart blood, and 3.0 mcg./ml. in pleural 
fluid. 

The 12 patients who comprised the partial resection group and were given 
250 mg. in single dose and continued on oral or intravenous administration 
after the first day, also liad an uneventful postoperative course similar to the 
pueumoneotomy patients. In all of these patients with intrapleural catlieters, 
infection at the site of insertion of the catheters did not develop. After re¬ 
moval of the tubes the orifices healed by first intention. Postoperative com¬ 
plications, due to infection by pyogenic microorganisms, were absent. One 
exception wa^s noted in a patient who liad liad a double segmentectomy (tlie 
apicoposterior segment of the upper lobe and the superior segment of the 
lower lobe) of tho loft lung. This patient was given erythromycin Intra- 
pleurally at the time tlie cliest was closed and later maintained on an oral 
do.sage, when, on the fifth day a bronchopleur,il fistula with concomitant pyo¬ 
genic empyema was discovered. General toxic signs were evident and the 
patient was then placed on 5 days of intensive erythromycin therapy given 
by continuous intravenous drip, A I'apid and remarkable I’csponse was noted. 
Chiltures of specimens ol)faiiied from the catheter, pi'eviomsly positive for 
Micrococcus pyogenes var. aureus, became negative. Subsequently, witli con¬ 
tinued improvement on oral medication, a thoracoplasty was performed and 
the patient recovered completely. 

MSCUSSIOX 

The effect of intrapleural administration of erythromycin on serum levels 
appears to he dependent on the type of resection undergone by the patient. 
The difference is due largely to the presence of the intrapleural catheter as 
found in partial resection cases or its ab.scnco, as in pneumonectomy. In the 
latter group, there is a build-up of serum levels which reached peak eoncen- 
tratioii at 3 hours but in the former group the .serum levels showed immediate 
decline from the initial peak value at 1 hour. IVith a comparable dose, the 
3-hour level was nppro.ximately one half in tlie partial resection group com¬ 
pared to that of the pneumonectomy group; coincidentally the former group 
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3. Parhal Resection Cases.—The average loss of erythromycin through the 
intrapleural catheters as well as by excretion in urine, and concentration in 
blood serum during the 24-hour period in this group of patients after intra¬ 
pleural administration of 250 ing., is shown graphically in Fig. 3. The total 
amount of the antibiotic lost in 24 hours through the catheters was 130.11 mg. 
which is 52.2 per cent of the dose given. In the first hour, 43.5 per cent of 
the dose was found in the drainage fluid; from the second to the sixth hour, 



Fig. 3 —Erythromycin serum concentrations, loss through intrapleural catheter, and 
excretion m urine, after the intrapleural instillation of 250 mg. of eiythromycm through the 
intrapleural catheter as the chest was closed after partial lung resection. Average results 
from 5 such patients. 

8.5 per cent was eliminated and only 0.12 per cent was found in the last IS 
of the 24-hour period. Total urinary excretion of erythromycin for 24 hours 
was 5.3 per cent of the dose, or 13.15 mg. In the first 3 hours, 3.5 per cent 
was excreted, while in 6 hours 4.1 per cent was eliminated; thus 1.2 per cent 
was found in urine in the last 18 hours. The total loss of erythromycin, there¬ 
fore, was 57.5 per cent in 24 hours, 55 per cent of the dose being accounted 
for during the first 3 hours. Concentration of the drug in serum was high 
after 1 hour, the level being 1.88 mcg./ml. but declined rapidly in keeping 
with the large amounts lost through the catheters and in urine; however, in¬ 
hibitory concentration of erythromycin against staphylococci was found in 
blood at 12 hours. 
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B. Clinical Ohscrvations 

In the group of -18 pncunumcetoiiiy patients, during administration of 
orytln-omyein, intrapleural seroaanguineous fluid was withdrawn daily after 
surgery. The fluid showed no change in color or consistency and no evidence 
of bacterial growth was noted with cither the 250 or 400 mg. dose given. The 
postoperative course of these patients was uneventful; temperature returned 
to normal in 24 to 36 hours, and blood pressure, pulse and respiration rates 
were all within normal limits. Soft tissue infection failed to develop and 
postoperative infection of the pleura or lung parcnehynia was absent in all 
patients. One of these patients, however, died on the eighth postoperative 
day. Death resulted from pulmonary edema due to left heart failure which 
was confirmed by post-mortem findings. The patient had received the last 
dose of 250 mg. 48 hours prior to death; immediately after death, eardiae 
puncture and pleural aspiration were performed. The speeimens appeared to 
be grossly normal. Daeteriologic c.xamiiiation was negative and erythromycin 
eoneentrations were 0.04 meg./ml. in heart blood, and 3.0 mcg./ml. in pleura 

fluid. . 

The 12 patients who comprised the partial resection group and were given 
250 rag. in single dose and continued on oral or intravenous adniinistiation 
after the first day, also had an uneventful postoperative course similar to the 
pneuinoneetomy patients. In all of these patients with intrapleural cat leteis, 
infection at the site of insertion of the catheters did not develop. Aftei le- 
nioval of the tubes the orifices healed by first intention. Postoperative com¬ 
plications, due to infection by pyogenic microorganisms, were absent. One 
e.\eeption was noted in a patient who had had a double segmenteetomy (t le 
apicoposterior segment of the upper lobe and the superior segment of t le 
lower lobe) of the left lung. This patient was given erythromycui intra- 
pleiirally at the time the chest was closed and later maintained on an oia 
dosage, when, on the fifth day a bronchopleural fistula with coiieomitaiit pyo¬ 
genic empyema was discovered. General toxic signs were evident an t e 
patient was then placed on 5 days of intensive erythromycin therapy given 
by continuous intravenous drip. A rapid and remarkable response was notci. 
Cultures of speeimens obtained from the catheter, previously positive m 
Micrococcus pyogenes var. aureus, became negative. Subsequently, with eon 
tinned iniprovenicnt on oral medication, a thoracoplasty was perfoinied an 
the patient recovered completely. 


discussion 

The effect of intrapleural administration of erythromycin on serum levels 
appears to be dependent on the type of resection undergone by the patient. 
The difference is due largely to the presence of the intrapleural catheter as 
found in partial resection eases or its absence, as in pneuraoneetomy. In the 
latter group, there is a build-up of serum levels which reached peak concen¬ 
tration at 3 hours but in the former group the serum levels showed immediate 
decline from the initial peak value at 1 hour. AVith a comparable dose, the 
3-hoiir level was approximately one half in the partial resection group com¬ 
pared to that of the pneuinoneetomy group; coinci'l''"i''"v the former srroun 
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showed, in the first 3 hours, a loss through the catheters of 51.5 per cent of 
the drug given. Another difference betAveen the tAvo, Avhieh may influence 
serum levels, is that in the pneumonectomy patient there is a limited pleural 
area for absorption, Avhereas in the other patients the pleural surface is more 
extensive, permitting a more rapid absorption of the drug from the pleural 
space. Thus, comparison of the 1-hour levels shoAvs that partial resection 
patients had considerably higher levels than the corresponding ones Avho had 
had a pneumonectomy. After these differences, the serum concentration 
euives shoAV a similai' pattern. HoAvcA’^er, the continued loss of erythromycin 
through the catheters in the partial resection patients resulted in a shorter 
period of effective levels j the 12-hour level in these ijatients corresponding to 
the 36-hour level in pneumonectomy patients. In pneumonectomy cases, the 
administration of a larger dose affected serum IcA'^els in the expected manner. 
The 400 mg. dose compared to that of 250 mg. resulted in elevated serum levels 
and a more prolonged effeetwe concentration. The pleural fluid IcAmls shoAved 
similar effects, Avith tlie larger dose resulting in higher levels. Hence, more 
than adequate coverage against susceptible pyogenic bacteria by erythro¬ 
mycin Avas present in pneumonectomy patients and, to a lesser extent, for a 
shorter period of time, in the partial resection patients. 

Prior to the availability of penicillin, empyema Avas the most frequent 
complication folloAving pulmonary resections. HoAvever, results Avith the use 
of antibiotics as prophylactic agents, particularly penicillin, do not indicate 
uniform effectiveness of this antibiotic for this purpose in liuig resections. 
Of the 21 resections for suppurative disease of the huig reported by White 
and his eolleagues,“ 12 patients given penicillin did not develop empyema 
while all 9 patients in the control group had this complication. Oil the other 
j hand, of Blades’ series^- of 59 similar cases, 11 of the 29 patients given peni- 
Z' cillin developed empyema as Avell as 12 of the 30 patients Avithout this anti¬ 
biotic. Neither of these reports shoAVS data indicating the development of 
empyema as a consequence of bronchopleural fistula. At this institution,^® of 
the 25 tuberculous patients undergoing pulmonary resection Avithout anti¬ 
biotic coverage, 10 had nontuberculous empyema; 4 of the primai-y type, and 
6 secondary to fistula. In contrast to this unprotected series, penicillin given 
irregularly by the intramuscular or intrapleural route in 21 patients Avas fol- 
loAved by 2 cases of primary pyogenic empyema and 3 cases secondary to 
fistula. Subsequent to the 21 cases, a rcAdew of 274 consecutive pidmonary re¬ 
sections Avith penicillin and streptomycin revealed 16 cases of nontuberculous 
0 ]XLpy 0 jjia, occurring before the tenth postoperative day, 11 lesulting fiom the 
development of bronchopleural fistula. Therefore, even Avith antibiotic pro¬ 
tection, the presence of a bronchopleural fistula favors the development of an 
empyema. This Avas seen in the present study in the one patient Avhose em¬ 
pyema Avas secondary to the development of fistula and in Avhom the prophy¬ 
lactic effect of eiythromycin Avas not evident. Even in this case, erythio- 
mycin appeared to be of value in controlling the infection, but it shoidd be 
noted that its effectiveness Avas due to the higher drug concentration attained 
by intravenous infusion and not by oral administration, although the latter 
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route was sufficient to prevent infection in i)aticiits without a bronchopleural 
fistula. Thus, the intrapleural close in the partial resection cases should be 
augmented, generally in 12 hours, by oral or intravenous administration; the 
intravenous route is indicated especially when the likelihood of infection is 
present. It is felt that this is a particularly important point to consider since 
tissue concentration of the drug may be related directly to the serum concen¬ 
tration and that the latter, although relatively unimportant in itself, is a 
measure of the drug concentration at the focus of infection.”' Indeed, it 
is known tliat with penicillin the diffusion from the blood stream into the 
pleural space is inadequate.''’ ” Ilowevcr, we have found erythromycin to 
have considerably greater diffusibility. 

In most of the above reports, there is little or no information on the re¬ 
sistance or sensitivity of tlie microorganisms to penicillin, although this in¬ 
formation is vital in the evaluation of the effeetiveness of this drug. Fiu'ther 
information required for the adequate evaluation of any prophylactic agent in 
pulmonary resection should concern the type of resection undergone by the 
patient. As mentioned previously, thei-e is a diffci-cnoe in drug concentration 
in serum and in intrapleural fluid, depending upon the type of resection per¬ 
formed, but aside from this consideration is the fact that pneumonectomy pa¬ 
tients with a complicating fistula invariably develop empyema whereas in 
partial resection patients development of a fistula does not necessarily result 
in empyema. 

SUlIlt.UtY AND CONCLUSION 

Erythromycin was found to be an effective prophylactic agent against 
pyogenic empyema in pulmonary resection cases except in cases in which 
empyema was secondary to the development of a bronchopleural fistula. The 
effectiveness was dependent on the type of resection; specifically, the presence 
or absence of intrapleural catheters was the major factor. In the pneumonec¬ 
tomy group, effective concentration of the drug was found 48 hours after 
a 250 mg. intrapleural dose, and 72 hours .after a dose of 400 mg., intra- 
pleurally. The partial resection cases, however, had a more limited period of 
effective antibiotic coverage because approximately 50 per cent of the drug 
was lost through the intrapleural catheters, during the first 3 hours. Thus, 
in the hatter type of case, the intrapleural dose should be augmented by oral 
or intravenous administration, depending on the condition of the patient. In 
patients avithout bronchopleur.al fistula, erythromycin avas felt to be effective 
in preventing the development of empyema; but even in those cases of fistula 
and concomitant empyema, the drug is felt to be of value in bringing about 
a marked improvement in the general condition of the patients so that a 
further surgical pioccdure becomes feasible at an earlier time. The important 
faetors necessary for the proper ea’aluation of antibiotics as prophylactic 
agents in pulmonary resection are consideicd to bo the presence or absence 
of bronchopleural fistula, adequate local concentration of the drug, and sensi¬ 
tivity or resistance of the particular microorganisms to the antibiotic under 
study. The role and importance of bronchopleural fistula in the development 
of empyema are discussed. 
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showed, in the first 3 hours, a loss through the catheters of 51.5 per cent o 
the drug given. Another difference between the two, which may influenc 
seriun levels, is that in the pneumonectomy patient there is a limited pleura 
area for absorption, whereas in the other patients the pleural sxu-faee is mor 
extensive, permitting a more rapid absorption of the drug from the pleura 
space. Thus, comparison of the 1-hour levels shows that partial resectioi 
patients had considei'ably higher levels than the corresponding ones who hac 
had a pneumonectomy. Aftez' these difiei’enees, the sei*um coneenti'atioi 
curves show a siznilai* pattei’U. Howevez'j the continued loss of erythromyeir 
through the catheters in the partial resection patients resulted in a shortei 
period of effective levels; the 12-hour level in these patients corresponding tc 
the 36-hour level in pneumonectomy patients. In pneumonectomy cases, the 
adminjstz'ation of a largei’ dose affected serum levels in the expected manner. 
The 400 mg. dose eompai'ed to that of 250 mg. resulted in elevated serum levels 
and a more prolonged effective concentration. The pleural fluid levels showed 
similar effects, with the larger dose I'esulting in higher levels. Hence, more 
than adequate coverage against susceptible pyogenic bacteria by erjAhro- 
myein was present in pneumonectomy patients and, to a lesser extent, for a 
shorter period of time, in the pazfial resection patients. 

Prior to the availability of penicillin, empyema was the most frequent 
complication folloudng pulmonary resections. However, results ^vith the use 
of antibiotics as prophylactic agents, particularly penicillin, do not indicate 
uniform effectiveness of this antibiotic for this purpose in lung resections. 
Of the 21 resections for suppurative disease of the lung reported by "Wliite 
and his colleagues,^ 12 patients given penicillin did not develop empyema 
while aU 9 patients in the control group had this complication. On the other 
hand, of Blades’ series^- of 59 similar cases, 11 of the 29 patients given peni¬ 
cillin developed empyema as well as 12 of the 30 patients vdthout this anti¬ 
biotic. Neither of these reports shows data indicating the development of 
empyema as a consequence of bi'onchopleural fistula. At this institution,^® of 
the 25 tuberculous patients undergoing pulmonary resection -without anti¬ 
biotic coverage, 10 had nontuberculous empyema; 4 of the primaiy type, and 
6 secondary to fistula. In contrast to this zuiprotected series, penicillin given 
ii‘regiilai‘ly by the intramuscular or intrapleural route in 21 patients was fol- 
loAved by 2 eases of primary pyogenic empyema and 3 cases secondaiy to 
fistula. Subsequent to the 21 cases, a review of 274 consecutive pulmonary re¬ 
sections -^vith penicillin and streptomycin revealed 16 eases of nontuberculous 
empyema oecru’i'ing before the tenth postoperative day, 11 resulting from the 
development of bronchopleural fistula. Therefore, even ^vith antibiotic pro¬ 
tection, the presence of a bronchopleural fistula favors the development of an 
empyema. This was seen in the present study in the one patient whose em¬ 
pyema was secondary to the development of fistula and in whom the prophy¬ 
lactic eff'ect of erythromycin was not evident. Even in this ease, erythi’o- 
myein appeared to be of value in controlling the infection, but it should be 
noted that its effectiveness was due to the higher drug concentration attamed 
by intravenous infusion and not by oral administration, although the attei 
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route was sufficient to prevent infection in patients without a bronchopleural 
fistula. Thus, the intrapleui'al dose in the partial resection cases should be 
augmented, generally in 12 hours, by oral or intravenous administration; the 
intravenous route is indicated especially when the likelihood of infection is 
present. It is felt that this is a particularly important point to consider since 
tissue coneenti'ation of the drug may be related directly to the serum concen¬ 
tration and that the latter, although relatively unimportant in itself, is a 
measure of the drug concentration at the focus of infection.'*' Indeed, it 
is knoivn that with penicillin the diffusion from the blood stream into the 
pleural space is inadequate.'®' ” Howevei-, we have found erythromycin to 
have considerably greater dilfusibility. 

In most of the above reports, there is little or no information on the re¬ 
sistance or sensitivity of the microorganisms to penicillin, although this in¬ 
formation is vital in the evaluation of the effectiveness of this drug. Further 
information required for the adequate evaluation of any prophylactic agent in 
pulmonary resection should concern the type of resection undergone by the 
patient. As mentioned previously, there is a difference in drug concentration 
in serum and in intrapleural fluid, depending upon the type of resection per¬ 
formed, but aside from this consideration is the fact that pneumonectomy pa¬ 
tients with a complicating flstula invariably develop empyema whereas in 
partial resection patients development of a fistula does not necessarily result 
in empyema. 

SUMMARY AND CONCLUSION 

Ei-ythromyoin was foimd to be an effective prophylactic agent against 
pyogenic empyema in pulmonary resection cases e.vcept in cases in which 
empyema was secondary to the development of a bronchopleural fistula. The 
effectiveness was dependent on the type of resection; specifically, the presence 
or absence of intrapleural catheters was the major factor. In the pneumonee- 
tomy group, effective concentration of the drug was found 48 hours after 
a 250 mg. intrapleural dose, and 72 hours after a dose of 400 mg., intra- 
pleurally. The partial resection cases, however, had a more limited period of 
effective antibiotic coverage because approximately 50 per cent of the drug 
was lost through the intrapleural catheters, during the first 3 hours. Thus, 
in the latter type of case, the intrapleural dose should be augmented by oral 
or intravenous administration, depending on the condition of the patient. In 
patients without bronchopleural fistula, ei'ythromycin was felt to be effective 
m preventing the development of empyema; but even in those eases of fistula 
and concomitant empyema, the drug is felt to be of value in bi'inging about 
a marked improvement in the general condition of the patients so that a 
further surgical procedure becomes feasible at an earlier time. The important 
factors necessary for the proper evaluation of antibiotics as prophylactic 
agents in pulmonary resection are considered to be the presence or absence 
of bronchopleural fistula, adequate local concentration of the drug, and sensi¬ 
tivity or resistance of the particular microorganisms to the antibiotic under 
study. The role and importance of bronchopleural fistula in the development 
of empyema are discussed. 
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Announcements 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 


Notice of Annual Meeting' 

The Tliii ty seventh Annual Meeting of Tlie Ameiican Association foi 
Thoiaeio Siiigeiy ivill be held May 4, 6, and 7, 1957, in Clncago, Illinois Head 
quaiteis Mill be at the Palmer House 

Requests for Hotel Reservations 

These should be mailed diicctly to Mi Edwaid Laiigfoid, Eesenations 
Manager, Palmei House, Chicago Please mention this Association, the type of 
aeoommodation desiied, the date, and appioxiinate hoin of aiiival and depaituie 
If accommodations aie desiied elsewheie in Chicago, please communicate diieetly 
with the hotel of youi choice 

Thoracic Surgery Forum 

The Thoiacie Suigeiy Poium will be continued as a special session at the 
1957 meeting The Fomm is piiniaiily foi the presentation of shoit papers on 
ouiient thoracic leseaieh, experimental pioblems, anatomical studies, and modi 
fled 01 new surgical techniques The inclusion of any considciable amount of 
cluneal mateiial in these icports makes the choice moie difficult and the 
Piogiani Committee leseives the light to reject such papeis, oi to suggest then 
tiansferal to the Regular Progiam 

Papers at this session will be limited to ten minutes, including the showing 
ot lantern slides oi other illustrative matciial At the disoictioii of the Pxcsi 
dent, three minutes may be allowed as the maximum discussion foi each papei 

All Thoracic Suigery Forum papers will be published togethei in one issue 
of the JouRN VL Maximum leugtli 3000 woids without illustiations If illus 
trated, an appiopriate number of woids must be subtracted foi each cut used 

Abstracts of Papers 

Abstiacts of all papeis for picseiitation at the 1957 meeting must be 
leceiied on orbefoie Dec 15, 1956, otherwise they will not be consideied by the 
Progiam Committee 

Abstiacts should bo labeled “Poi Tlioiaue Siiigcij Foium,” oi “Foi Reg 
iilar Piogram ” The abstiacts should contain fiom 200 to 250 moi t u i 
accurately reflect the contents of the complete'! 

27T Ci'i 
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Five, repeat; five copies of each abstract must be sent to Miss Ada Hanvey, 
Administrative Assistant, The American Association for Thoracic Surgery, 600 
South Kingshighway, St. Louis 10, Missouri. 

Those on the program are reminded that papers presented at the meeting 
must be handed to the secretaiy immediately after their presentation. If they 
are not ready at that time there is a chance that they will not be published in 
The Journal op Thoracic Surgery. 

Motion Picture Session 

Provisions have been made to show a limited number of motion pictiu’es to 
be selected on a competitive basis. The films themselves, together with descrip¬ 
tive material concerning length of presentation, etc., must be received by Dr. 
Karl P. Klassen, The Ohio State Univei-sity, Columbus 10, Ohio, before Dee. 15, 
1956. 

It is planned to run the motion pietures in a smaller room at the same time 
as the seientifie sessions. If the films are well labeled, it will not be necessary 
for the author to be present for comment. 

Applications for Membership 

Applications for Associate j\Iembership in the Association must be received 
by the Membership Committee not later than Dee. 15, 1956, otherwise the appli¬ 
cation will be deferred for consideration until the 1958 meeting. 

Applicants must be sponsored by three Active or Senior Members of the 
Association. In addition to the signatures on the application form, the sponsors 
will fonvard a separate letter concerning the applicant directly to: 

Dr. 0. T. Clagett 

Chaii*man of the Membership Committee 

Mayo Clinic 

/ Rochester, Llinn. 

Sponsoi-s are reminded that new letters of recommendation must be for¬ 
warded to the jMembership Committee should their applicants be held over for 
reconsideration a second year. The new letters of recommendation should also 
be sent to Dr. Clagett, the Chairman of the Membership Committee. 
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CONGENITAL DIAPHRAGilATIC HERNIA AND HYPOPLASTIC LUNG 


A Clinical. Ev.aluation 

Benson B, Roc, SI.D., and II. Bbodie Stephens, M.D. 
San Francisco, Caup. 


C ONGENITAL diapliragiiiatie hernia is reported to be a surgically correot- 
ible condition with satisfactory I'csults and a low mortality rate.* Pub¬ 
lished series*'* of successful surgical closures of this defect would seem to 
indicate that operative intervention promptly after birth is mandatory for 
survival. However, this developmental failure of closure of the pleuroperi¬ 
toneal sinus, or foramen of Boehdalclc, is a relatively rare condition which 
frequently is not diagnosed until an infant reaches the autop.sy table. The 
serious respiratory embarrassment, thought to be the result of abdominal vis¬ 
cera in the chest, often causes death in the fii'st few minutes of life. In those 
patients coming to surgery, and particularly in the newboi'n infant, this dis¬ 
turbed physiology is a significant hazard. 

It has been our observation that the compressed and hypoplastic lung in 
the previously occupied pleural space could not be e.xpanded after removing 
the abdominal organs. Mention of this problem is notably lacking in the 
surgical reviews, although association of the two conditions was reported as 
early as 1893 by Schmit.® Dorsey,® Tolins,*” and Ladd and Gross* did men¬ 
tion atelectatic lung and respiratory difficulties after operation, but failed to 
recognize hypoplasia. 

The reported clinical experience with congenital diaphragmatic hei'nia 
reveals a wide variation in operative results from Truesdale’s* survival rate 
of 92 per cent to the 43 per cent survival of the 7 cases reported by Baum- 
gartne r and Scott.** Contrary to common belief, the over-all survival in this 
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anomaly is far from satisfactory,« and tlie observations of pathologists are 
distinctly less encouraging. Edith Potter,“ in discussing congenital dia¬ 
phragmatic hernia in her text on infant pathology, states, “In our experience 
associated pulmonary hypoplasia has been so great that the lungs were in¬ 
capable of supporting extra-uterine existence.” More recently, Campanale 
and Eowland^^ have reported on this neglected aspect of the problem. To 
our knowledge, however, there have been no observations on the incidence of 
hypoplastic lung in congenital hernias of the diaphragm, either in the surgi¬ 
cally correctible groupi-^ or in those studied at post mortem.^® This discrep¬ 
ancy between the optimism of the surgical reports and the less favorable 
observations of the pathologist suggested the value of further investigation 
to determine the factors influencing survival. 


Table I 

CONGENITAL PIAPHRAGMATIC HEKNIA 

47 CASES 29 DEATHS 

3855 Si/jPy/Ml 


NEONATAL PATIENT5 

31 CASES 27 DEATHS 


OLDER PATIENT5 (14DAY5+) 

IS CASES 2 DEATHS 


/3VI, sujiymi 


88% S(/fi//yAL 


NO SURGERY 

19 CASES 19 DEATHS 

, (7% swy/yAL , 

OPERATED 

12 CASES a DEATHS 

, 55% SURVIVAL *, 




NO SURGERY 

A CASES 1 death 

, 75% SURVIVAL , 

OPERATED 

12 cases I death 

92 V, survival , 




SVROICAL MORTAKTY 50“^ 

• OPERATED AT 7 DAYS, 5 DAYS. 2 DAYS { 1 DAY 

Hospital records and autopsy protocols were reviewed for all cases of 
congenital diaphragmatic hernia in eleven San Francisco hospitals for as long 
as records were catalogued, up to twenty years. Hernias through the foramen 
of hlorgagni, esophageal hiatal hernias, eventration of the diaphragm, and all 
adult hernias were excluded from the series. A total of 47 eases were ana¬ 
lyzed for pregnancy factors, obstetrical course, birth weight, presenting signs, 
time of operation, operative findings, length of survival, and autopsy observa¬ 
tions. These data yielded no pertinent information of value in determining 
the cause or prognosis of the disease. No pregnancies were complicated by 
disease; obstetrical delivery Avas luiremai-kable; birth weights were normal 
except for 3 infants weighing under five pounds. Associated congenital 
anomalies were I’are. Two patients in the series were consecutive siblings of 
the same parents, fourteen months apart. 

The over-all mortality rate was 62 per cent Avhieh was comprised largely 
of the newborn infants that never reached surgery. Conversely, almost all of 







Volume 32 DrAPHBAGilATIC HERNIA ^VND HYPOPLASTIC LU^G -281 

Number 3 

the suiMving patients had passed the eaily neonatal peiiod (2 neeks to 214 
yeais) befoie eoming to suigeiy Since these two gioups appaiently aio not 
compaiable, they aie analyzed sepaiatcly to emphasize the prognostic dif¬ 
ferences and in oidei to considei the management piohlenis in the ncwboin 
gioiip (Table I) The 87 pei cent combined moitality in the eaily gioiip is in 
stiiking eoiitiast to the 12 pei cent fatalities in the oldei gionp Of gieatei 
impoitaiiee is the diffeienee in opeiatne lesults between the tno gionps, each 
with 12 patients opeiated upon, among the nowboin patients theie weio eight 
deaths, wheieas among the oldei patients theic was onlj one ruitheimoie, 
2 of the -t suivivois in the eaily gioup weie 5 and 7 dajs old, lespectively, at 
the time of opeiation In the oldei gioiip, 7 patients ncie between 18 dais 
and 8 weeks old, the otheis langed fiom 6 months to 21/; ycais The only 
fatality was in a 6 month old child who picsented with bionehopiieiinionia 
Unfoitiinately, both opeiative lepoits and autopsy piotoeols weie often 
lacking 111 detailed desciiption of size and expandability of the lung Table 
11 siiminaiizcs these siiigital obsciiations conceining lung appeainiiec, in 

Tabit II Seroicii. Obsekvitioss on Lung Lnpvnsion in CONGtNiTVu DunirAoitiTic 

Hernia 


batisfactori lung eNp-ingion o 

Parti'll lung expansion 1 

Little or no eNpansiou from sni-ill nubbin 10 

No comment in operatiie note 8 


only 3 of 24 patients was satisfaetoiy lung expansion desciibed, wheieas in 
10 easts, the surgeon noted that the lung leniaiiicd small and collapsed 
Autopsy observations (Table III) indicate that in size the lung on the lieinial 

Table III Coscenitii Diapuriomatio Hernu Autopsied Lung Height Kitios 

LEFT 1 

RICIJT 

1 RITIO 

IS 

11 6 

0 13 

45 

27 

017 

6 

30 

0 20 

S 

9 

0 22 

10 

46 

0 22 

2 5 

10 

0 25 

7 

25 

0 28 

9 

26 

0 15 

6 5 

17 

0 41 

40 

05 

0 42 

8 

3 5 

0 44 

113 

25 

0 45 

3S 

55 

0 60 

10 

15 

0 66 

15 

10 

0 bO 

10 

11 

0 01 

''One tiurd” 

One third ’ 

*'Much «nnllcP’ 

' Smill, poorlj developed'* 
“Dcfinittlj stmller’* 

‘♦Normal” 

(013) 

(011) 



A>oraKo R^tio 0 0 


Note SI le of hernia In italics 
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side is often only a small fraction of the contralateral lung (average ratio; 
0.39). Perhaps of greater significance is the total lung weight (Table IV) 
which is almost invariably far below the predicted norm according to the 
figures piTblished by Potter and Adair” (Fig. 1). Since the pleuroperitoneal 


TOTAL LUNG WEIGHTS IN 
CONGENITAL PIAPHRAGMATIC HERNIA 



1.0 1.5 2.0 2.B 3.0 3.5 -4.0 -4.5 

BODY WEIGHTS IN KGS. 

APAPTEO FROM POTTER f ADAVR: NORMAL LUNG 


WEIGHTS FOB BOPY SIZE, IH4 AUTOPSIES 


Fig. 1. 


Table IV. Congenital Diaphragmatic Hernia Autopsy Lung Weights 


combined lung wt. 
(grams) 

7 

11 

12 

12 

12 

13 

14 

14 

15 
21 
22 

24 

25 
25 
32 

35 

36 

37 
56 

_ 88 _ 

»Prom Potter and Adair": 


'ESTIMATED NORMAL AVT. 

(grams) 

48 

62 

61 

57 

53 

53 

42 

52 
48 

57 

53 
53 
52 

59 
61 

60 
63 
59 
67 

58 


PER CENT OF NORMAL 

15 

IS 

19 

21 

23 

24 
32 
27 
31 
37 
41 
45 
48 
43 
52 
59 
57 
62 
84 

138 _ 

r weiffht 44 


Average per cent of normal lung weight 44 __ 

average infant autopsy lung weight according to body weight. 



Volume 32 
Number 3 


DIAPHRAGMATIC HERNIA AND HYPOPLASTIC LUNG 


283 


sinus normally closes in the fourth fetal month, it is not surprising that con¬ 
tinued occupation of the pleural space interferes with lung growth on one 
side, but it is of interest that the combined lung weight should be less than 



Right Left 

Fi?. 2 —InHatcd lungs of patient with congenital diaphragmatic hernia which caused 
death a few minutes after birth. Note left lung is very small, even under pressure. Com¬ 
bined lung weight 13 Gm. (body weight, 3,200 Gm.) : normal for this Infant about 57 Gm. 



parable^Ize of \esseli'^a^^bronchi shown in FS*- 

absence of atelectasis on left side. '(x”o; thickened 
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50 per cent of normal in the majority of aiitopsied cases (Fig. 2). Microscopic 
sections of the undeveloped lung showed variably thickened alveolar septa, 
thick pleura, and some cystic dilatation in sparse alveolar tissue (Fig. 3)^ but 
the bronchi and blood vessels were of normal size. 

Postoperative roentgenograms demonstrated a variable pattern. In at 
least 3 cases, the undeveloped lung on the side of the hernia was not immedi¬ 
ately expanded but was observed to fill out over a period of several days or 





-rn.p. t _cjoriai ohest roentff6noprranis on successfully repaired con&enit^ diaphragmatic 

fully expanded. 


weeks (Fig. 4). Whether these lungs are the emphysematous results of an 
overexpanded hypoplastic organ, or the true growth of new alveolar tissues, 
is undetermined. The fact that there was no apparent shift of the flexible 
mediastinum suggests that the underdeveloped lung must still possess a 
growth potential. What effect delaying surgery Avould have on this process 
is also undetermined. 
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Statistical analysis of the cause of death Mas impossible fuiiii the iiiateiial 
ailable In some iiistaucts, othei anomalies oi siii gical eomphcations could 
"shaie the blame, but in geneial the autopsy obsenations wcie less leicaling 
than the tlimeal couise niaihed by lespiiatoij disfiess I’ensioii pneinno 
tlioiax was a post moitem hndmg in 4 opeiated patients and suggests lliat ug- 
oious attempts to eiaeiiate the pleuial space may lead to iiiptiiie of the hjpo 
plastic lung Smith,"® howeiei, showed that it took piessmcs betucen 20 
and 30 cm of watoi to expand the noimal lung at biith 

DISCUSSION 


It IS possible that clmiial niexpeiience, tctimieal diffieiilties, and othei 
hazaids of optiating on the iieuboin infant aie usponsihk ioi the high moi 
tality late Howciei, it is significant that the suigual icsults an distinctly 
better undei the same ciitiiiiistaiicts aftei two i\<i ks ot lilt and b( Itei icspira 
toiy eoiiipensatioii Othei suigical pioeeduies ate toliiaf.d by the nenhoin 
child without sigiiificantlj guitei moitahty than affci a fi w ivceks of life 
Undoubtedly the piocess ot intuial selection in the ciiii inoinfi! pi nod 
loiuoves those patients with inaileauatc itspii itory i ipaciti Out it is Jikelv 
that this peiiod is also of positue value in inipioiiiig tlu gi nliiilli atriuiud 
ventilatoiy capacity of an infant and leiideimg linn a hi tti i single il c mill 
date aftei a few days ihspite the heuual contiiits in thr ih st Lngil'" has 
pointed out that oscii the noiraal ncwboin infant has a \nv pom pu'monirj 
leseive and a veiy high phjaiolngit dead space, ahiolai in fiDing is not rinn 
plete foi seveial days,'® tluriiig iihieli time ventilation inipnnLs signific iiitly 
Pioponents of eailj surgical iiitcucntion uoiild aigiie tl it no harm is 
done in an unsuccessful ittimpt to collect those « hi SI iinjimln talih lati has 
all eady been sealed It iiould he their hope to salv ige tin hoidiilnu pain lit 
who might haic an cxpansihle lung and sun no if tlu inethi’iir il ] sspit m 
lenioied, but uho otheniise would not suiiiic It is oui ’ ' lOiei, 


that moie patients with iiiargnial icspuatoij capatitj at 1 sni siiiiiie if 
suigical luteiveiitioii is dclajcd ten days than il ope i i is caiiitd out im¬ 
mediately Ohi loiisly thosi. with inadequate capaii" ill die ivhctliei in not 
they aie opeiated upon 


The suigical litiiature contains little supp it toi this thesis Donman'" 
notes the gieatei hizard m younger patients but utges early opuatwn any¬ 
how, Hai 1 ingtoii” aloiii ritomminds delaying opeiafion Ilepoits of large 
diaphiagniatic hetniis in ailuils" "" further dunonstiate that the disease does 
not always leqnue iniracilnte coircttioii 

ObMously the clisputt cannot be settled without fmtiier knowledge, hut 
oui study suggests that pu!,„onan hypoplasia is such a common and semnis 
nssoeiated piohlem that thi benefits of carlv expansion may he oieieslmiated 
AVhen su.geiy is perfornud it ,s ess.nt.al that eseij adjunct be used to smp- 
poit the maigniil nsp,ra„o„ pos operatively J-"’' oxygen atmosphere 

alone may not suffice ^ e piessuu to aid in ahe-olar 

aeiation should iinproic rtsmnf q,adicostoniy to reduce dead 

space miy he helpful “P"“*^„,cnt a.®-"*- “ 

Diainage of the pkur.l “iy"“«omn.cn*-> I®*- Protection again.st 
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tension pneumothorax and to promote gentle and gradual expansion of the 
hypoplastic liuig. Vigorous efforts to expand the lung at operation may cause 
serious damage and should not be attempted. 


SUililARY 

1. Forty-seven eases of congenital diaphragmatic hernia were analyzed 
for factors determining prognosis. 

2. Mortality in the newborn group was 87 per cent as compared to 12 per 
cent in the older patients (over 14 days of age), suggesting that natural selec¬ 
tion plays an important role in the results. 

3. Surgical mortality Avas 67 per cent in the newborn infant and 8 per 
cent in the older group. 

4. Hypoplastic liuig Avas an associated finding in nearly all cases autop- 
sied. Average combined lung AA'-eight Avas 44 per cent of normal. 

5 . Undeveloped lung on the hernial side Avas recorded in 10 surgical cases 
and in 17 autopsied eases AAdth Aveight ratios from 0.13 to 0.91. 

6. On the basis of these data, a thesis is presented for postponing early 
operation in favor of gradual improvement in marginal ventilatory function. 

7. Recommendations are made for improA^ing the management of the pa¬ 
tient Avith inadequate lung tissue. 
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Discussion 

DR GABRIEL SBLEY, New York, N. Y —I enjoyed thn, paper and I would like to 
report an unusual pulmonary complication and presenting sy mptoms of a Bochdalek pleural 
peritoneal hernia The patient was a 35 year old housewife whose chief and only com 
plaint was recurring hemoptysis Roentgenographic studies showed an ill defined densit} 
in the left lower chest Breath sounds were absent over this area and bronchoscopi 
showed no disease in the bronchial tree Because of some translucency present in this 
area, a hernia was suspected and banum enema showed a large amount ot large and small 
bowel in the left pleural cavity This patient was operated upon, and upon entering the 
pleural cavity almost the entire largo and small bowel including the cecum and appendix 
were found There was no pleural sac The liernia ring was of fairly good size In 
order to reduce the contents, the patient was placed in a practically standing position on 
the operating table The contents were reduced and the ring was closed, and an attempt 
was made to expand the lung It was noted at this time that the left lower lobe was 
definitely hypoplastic and that the entire diaphragmatic surface shoned a seiero con 
stncting ring which coincided with the size of the hernia ring This portion of the lung 
could not bo re expanded and was severely congested The chest was closed in the usual 
manner with drainage, the patient did well postoperatn ely and has remained well for 
five y ears Tliere has been no evidence of recurrent hemoptysis 

It IS my impression that this patient represents an adult wJio had a hypoplastic lung 
with a pleuroperitoneal hernia who obviously survived this complication, and then ap 
patently had an incarceration of the lung in the hernial ring which produced hemoptysis 
I would like to ask the essayist whether he has encountered any such case, or if any other 
members of the Association have seen this complication 

DR WILLIS J POTTS, Chicago, HI—This is a very fine paper, beautifully pre 
seated by Dr Roe, and I behove just four words of it—"The lung will grow'^ We are 
far less concerned about the hypoplastic lung than wo are about getting the diaphragm 
repaired quicIJy The ill infants with a diapUragmntic herma are real emergencies and 
if not operated upon promptly will die If the child can live ten to twelve days after 
birth the hernia usually is not severe, tliat is, tlie respiratory space is not too extensively 
encroached upon by the misplaced intestine Prom our experience with infants with dia 
phragmatic hernia, I would say that the real emergencies are practically always those who 
do not have a sac If there is a sac, the extent of herniation of the bowel into the dies 
13 limited and an emergency rarely exists 

Our mortality rate in the newborn infant group of diaphragmatic hernias is 25 i er 
cent In the older ago group, there has been no mortality Two of the deaths were lefi 
nitely our fault The first, in keeping with what Dr Roe has said, was an infant with 
a tiny hypoplastic lung as big as the end of my thumb (Incidentally, the left lung is 
always small and undeveloped m the infant who is born with a diaphragmatic henna and 
has all the abdominal organs in the left chest) The anesthetist made pressure on the 
anesthetic bag and blew out the good Jung on the right side Death occurred It is 
possible to dilate the miniature lung Leave it alone and it will grow and expand m 
tune The second death illustrates an important point in the immediate po^stoperauvtf' 
treatment which is now routine As the last stitch is put m to clo;>e the diaphragm. ^ 
make negative suction on a catheter in the chest to vnthdraw as much air as 
from the left chest cavity The difliculty is that some air mav leak into the cbe.t 
tho abdomen is being closed and thereby prevent complete expansion of the 
That 13 w hat happened in this ease and the chUd died of anoxia We now make it t- 
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after the abdomen is closed, to aspirate the left chest with a needle and remove as much 
air as possible with a moderate degree of negative suction. We often can remove as 
much as 50 c.c. of air from the left chest. The procedure, of course, increases the respira¬ 
tor}^ space by that much. 

We do not drain these chests. There is nothing to drain and, besides, the danger 
of air getting into the chest through or alongside the tube is considerable. Draw out the 
air and the lung will expand. I agree with Dr. Eoe, “The lung will grow.” 

EE. JOHls S. CHAWDEES, San Diego, Calif.—In connection with Dr. Eoe ^s paper 
and Dr. Potts's comments, I would like to show slides of chest x-rays of a 2i4-week-old 
infant with pulmonary agenesis and contralateral diaphragmatic hernia. 

(Slide) There was a story of five days of respiratory distress preceding this film. 
The infant showed a left anterior diaphragmatic hernia through the IMorgagni foramen 
which appeared on both the posteroanterior and lateral films. No aeration at all was 
seen in the right chest. The heart was pulled toward the right. The question arose as 
to whether this represented atelectasis, hypoplasia of the lung, or perhaps congenital ab¬ 
sence of the lung. Bronchoscopy was performed and only a 0.5 cm. stump of the right 
main-stem bronchus was found. Following bronchoscopy the diaphragmatic hernia was 
repaired transabdominally, the pleural cavity not being entered as a hernia sac was 
present. It was noted at operation that there was marked paradoxical motion with 
respiration of the abdominal contents through the diaphragmatic hernia. After repair 
of the hernia, the infant did well. 

(Slide) This chest x-ray was taken two years later. The absence of aeration of the 
right lung is still evident, there being either an atresia or a marked hypoplasia of the 
lung on the right. 

DE. MAEK M. EAVITCH, Baltimore, Md.—We should at least make mention of the 
fact that these children all have, or will have within a few hours of birth, intestinal ob¬ 
struction, and that they may succumb to intestinal obstruction or gangrene or perforation 
of the intestine or stomach or, on the right side, strangulation of the liver, regardless of 
the state of the lung; an additional reason for immediate operation. We take the atti¬ 
tude that operation should be undertaken the moment the diagnosis is made. Unless I 
misread the slides Dr. Eoe presented, he indicated that in those children who were not 
operated upon immediately after birth, the mortality was almost 100 per cent; and in 
those who were operated on immediately the mortality was about 33 per cent. We do 
like the intercostal tube even after the abdominal approach, with constant negative pres¬ 
sure gently bringing out the lung, and make no attempt to forcibly inflate the lung. I 
did not see in the roentgenograms any catheter in the stomach. The two tubes, one in 
the stomach to empty it completely, placed the moment the diagnosis is made and constant 
suction applied, and the one in the thorax, we think are almost as important as anything 
else which may be done. 

DE. OTTO BEANTIGAN, Baltimore, Md.—I too enjoyed this excellent presentation 
by Dr. Eoe. I rise to relate a single experience which may be of help. It is true that 
there will be hypoplastic lungs, bronchial atresia, or even congenital absence of the lung, 
so that one cannot expect to fill the pleural space by lung expansion. However, there may 
be failure of expansion caused by a condition similar to fetal atelectasis where the lung 
seems reasonably normal if it can once be expanded. I encountered one instance in a 
newborn infant where the anesthetist was unable to expand the lung on the operated side. 
We hesitated to apply too much pressure to the intratracheal tube for fear of rupturing 
the opposite lung. However, in this single instance I was able to grasp the main bronchus 
between two fingers and occlude it. A No. 20 needle was inserted into the bronchus. A 
10 c.c. svringe was used to inject air into the bronchus, which caused beginning expansion 
of the lung. Once expansion was started the anesthetist was able to control it from that 
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point on It did not complttelj till tin, pleural •.pice It ‘.ceiiis that tins evperieiicc might 
bo repeated It uliiiimates the fear of too much prc-.surc on the opposite lung and there 
seems little to be lost and little danger if earned out uitli eiiition 

DR H BEODIE Sl'LPHBNS, ban Francisco, Cilif—I too Iiaie enioicd tins pres 
eiitition of Dr Hoc’s I think the people here nill get the point ot Ills papei In a case 
that 1 encountered, I tried to get the Inpoplastic lung to espind iiul I thought that lias 
the ivai to manage this diihciilti, and the lung uoull not come up In the postoperatne 
nianagement, ne iindoulltedlj put too much ncgatue pressure on the involved pleuial side, 
and reruptured our lejiair That is vvhv Di Hoe went into this subject and I tliinl this 
piebent'itioii is in ordtr 

Certainly if out ciicouiitLrs a InpopHstic lung at Ho timt, of rep iir ami the lung 
does not come up readih, then the surgeon should 1 an^ method for expansion You 
heard what Dr Potts had to sa^, if lou tliL I mg ilom. it mil come up, and I thinlA 

that 13 tho e‘isential \alue of this presentation 

DR DE "WiaT G DADGHTR\, Mi imi, Pii—Di K i his focused our attention upon 
i verj important condition Por mien of Boclid del fe la is not a tomnion congenital 
anomalj but the results aie so poor gciitialh tint I I e\e it is wortln ot M.r\ taietiil 
appraisal Our experience has not been gool nitl tl t litum and I believe it is in 

part duo to the fact tint most of these casts I ha 1 i\e deteiioiatel gieath and 

are in rather poor condition whou thoracic suigi a U t on w requested 

It has been rather interesting to me to ic\ e\ icc Is on these patients and to 

find that man> of them were in fair to gon I at lirth and remained so for 

twenty four to ^event) two hours before aiij c 1 *c litenontion of the condition 

occurred The failure to recognize these It >ot 1 t i toe became serious or death 

actually occurred, I believe, is due to f ulure of ination and failure to obtain 

xrajs of the chest on these newborn infant i t | torv hfiicultv I know of a 

number of cases in which a diagnosis was i t \ t ^ iiitil an nutops} was ptr 

formed 

I certainlj believe it will be a step bacKv ^ treat 

ment bo accepted after the diagnosis is male Tl 11 above statement that 

main of them remain in good condition for | t ■ or two or three da>s after 

birth and then suddenlv deteriorate before Uf t iti at can be institute 1 I would 

certainly like to make a plea for surgical cmr t t h cirhtst possible moment It 
seems to me that our salvage rate will bo i g« 1 d 1 her In such man igement Of 
course, the good ones are tho«c without i mailvl n t t utLrfercnce with pulmonarv 
function, who maj survive for some time or cv n i * vcnl vears of age Rut tint is 
no argument against a reallj aggressive approat 1 I H | ml 1 m 

There does seem to bo a hjpoplasia or at least i lung tli it occupies loss than norm il 
volume for the first few davs or possiblv the first ttw v\otls of life I mi not aware of 
an> cases in winch theie has not been proper exransi n oi kvelopment over a ponol of 
a few dajs or possiblv a few weeks after surgerv 

I would like to illustrate what I have been tnmg to sav b\ showing a slide of the 
chest X raj and autops} findings of a iiaticnt who stemel to he m good con litioii at bir i, 
hut slow]> deteriorated over a period of fortv eight hours and died within one hour after 
thoracic surgical consultation was requestel and while the anesthetist v\ as preparing t ie 
patient for surgery Ihia slide of the x raj reveali, the left thonx to be fillel vvith i> 
dominal content and the heart and mediastinum displace! almost against the right la eri 
thoracic cage, revealing onh a verv small nra of aeritel lung at the base am a lo apex 
on the right In other words, there could not be more than -I per cent aern ion o lo 
right lung This slide (a colored photograph) t ikeii at the autopsj ta ) e, rev* a s a por ion 
of the stomach and the descending colon in tlio abdomen, with the ^ 
from the hernial neck into the abdomen The next «Ii Ic shows * * ‘ 

dominal contents to bo located m the left thorax, m irJ ed ^ 
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oil the speed wdth which the local physician can evaluate the trauma and in¬ 
stitute emergency and supportive therapy until the specialty teams can be con¬ 
sulted. We can exjpect an ever increasing number of serious chest hijuries 
because of the steady and inevitable increase in speed and congestion on the 
highways and airways. Approximately 25 per cent of deaths from traffic 
accidents ai‘e due to chest injuries.” It is imperative that all physieiazis 
familiarize themselves with emergency management. We have been en¬ 
couraged by the fact that a number of our patients with severe chest injuries 
who were rapidly failing with the usual modern means of treatment, quickly 
stabilized and eventually recovered by the use of continuous mechanical hyper¬ 
ventilation. The first of these eases treated by this method is recorded.^® 



Fig. 


1 .—x-ray of chest on 


admission, showing multiple rib fractures, bilateral tension hemo 
pneumothoraces, acute gastiic dilatation. 


C-VSE REPORT 

In June 1954, a 51-year-old man was slowly rolled, like pie dough, into an S-inch space 

between a di^el locomotive and a steel furnace. He was admitted ^ j^^ision 

with multiple bilateral fractures of all ribs, costochondral separations bi ateral te. 

of .h. olavicles. P'l'-- “i"'” 

liver and genitourinary tract, paralytic ileus, and acute gastric dilatation (Fi.. 1). 
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The patient A\a'3 simultaiieoush treated for shock ay Inhlcul nitrapltural catheter 
ater trap drainage \\ns earned out along Mith tiacheotoiiM The antuol itoral chest null 
ay partialh stabilised nith soft tissue traction Iij the niotho.I ut Tlndson n Long metal 
ins nere passed under the pectoralis and serratus inteiioi imsiUs on eadi side (Tig 2) 
preader bous nerc attached and traction applied to an oveiheid ti in f (I’lg 0 Although 
he paradoMcal inoticn was partiall\ corrected, respintoi\ ui«l is ntitun 1 duo to inide 
uate \entilation because of actual lung destruction ind pnhno larj (dema (I’lg 4) 
'arious demand Hon and pressure c^^cled respintors nett c icd riiesc i/n lunes did not 
entilate the patient adetpiitel\ because theN neie nti\ iie f }\ flic fatienl’s own neak 
espiratorj efforts or did not deliver constantl\ ub puti \chtnge ot g isc s The piston 
'po intermittent positi\e pressure respirator dc\eIopi i i foicl n is lun applied The 
atient’s condition then improved from a semicoinat * «. • tf respiriton acidosis to i 

lore comfortable and alert state of alkalotic apn#* i ic } ff nas Kcft in a range of 
pproxiniately 7.45. Lung inflation and deflation nci I lls mnntfiiiiLd ihvthmuillj 

nd siiioothh nith loss of all paradoxical motion Th t i [v I i 1 ' \erriiimg iiid grinding 
lotions of the broken rib ends and jiroinoted their hi „ li issue tiaction nas dis 
ontinued as soon as v\e realized tint complete stalnb/ f rt flu best w is to la* obf mud 
ith mechanical ventilation (Fig. 5) AVhen mild r< f i i ill ilosis was acliicved, all 
cspiratory motions ceased ilechanical hv perventi at i i m n itiincd toi thirlv davs 
util the patient was able to breathe adeijuatelv with t I'l as-Jistanco of the mathino 
he CO. and pH of the blood were checked twice dml ind oi troLte studies c.irricd out 
8 needed No serious deviations from normal wore foui 1 ui Lh e «lndies The patient was 
i‘*charged from the hospital fiftj one dajs after the npirv an 1 his returned to his work, 
ince we felt that this treatment bv mechanical livj 11 \« nfilation li id allowed the survival 
f a patient othervMso thought to have a hopole-'s piogn is we have now’ used the sanio 
rmciplcs of management in a number of ‘•evere hi^r md rombined head and chest in 
uries with equally good results. 

fieiieiaf P)inctplc<s of Tieatment —The piiiicipil pflcct ot lung inpiiy and 
>aiadn\ieal motion of the chest wall is to idlnti. iniliiionaiy ventil.ition. This, 
n turn, leads to and aggiavatos, hypoxia and hype icailna, pulnionaiy edema, 
teloetasis, pneumonitis, and depiession of th<‘ m spii.itory center. All of those 
aetois compound one another and lead to death Tn the past, the major atten- 
lon of tieatment has been focused on the stabili/ation of the chest wall to 
elieve paiadoxical motion, and indiiectly impioir ventilation Adequate 
'entilation alone can hicak the vicious cycle of eseilts and correct all of the 
loxious contributing factois listed. These tfioits to impi’ovc ventilation must 
>e rapidly instituted As in all emeigcncy tliei.apy, it must he lememboied 
hat “fir.st things come first ” Tn other woids, each situation must he cor- 
ected in the order of its ni gency. 

The patient sliould have an upiujlit chest \-iay immediately on admission 
0 allow accurate evaluation of the injuries The tieatment of shock, the deiom- 
uession of hemopneiimothoraccs, and the establishment of a clear aiiw.iy aie 
sually all of equal urgency bec.inse eontiimation of any one of these alone could 
anse the rapid demise ot the ii.ilicnf. An aiiuay must immediately ho estah- 
shed by means of a lironchoseope or an ciidotiaeheal tube to aspiiate secie- 
ons and administer oxygen under joisitiec pressuie. A tracheostomy can 
leii be earned out over the tube uhhh esiii then be ivitlidiauii and leplaced in 
le tiaeheostomy wound. Altei tlie'se situations aie- under con ' ‘he ne 
loblem by order of mgioiey is limt of tlie paradoxical me' 
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wait AVhea the hony support of the chest wall is hroken, the bellows action 
Ot the diaphragm and accessory respiratory muscles, which draw air into the 
lungs, IS markedly reduced. As the diaphragm descends in an attempt to re- 
(uce the intrathoraeie pressure, the atmospheric pressure compresses the flail 
chest wall. This reduces, in varying degrees, the amount of air inspired into 
the lungs; or in effect, enormously increases tlie amount of dead air space with¬ 
in the lungs. In expiration, as the intrathoraeie pressure exceeds the atmos- 
pheiic pressure, the flail chest bulges outward so that very little air is expired. 
Thus, a large proportion of the air remains within the confines of the thorax 
and pendulates back &ud forth from the alveoli to the tracheobronchial tree 
with inspiration and expiration. Any diminution of this dead air space will 
benefit the patient’s ventilation. 

Carter and Giuseffi^^ have iiointed out the advantages accrued from 
tracheostomy. The dead air space, represented by the volume of the nasal, 
pharyngeal, and laryngeal air passages which can be short-circuited by 
tracheostomy, amounts to approximately 100 to 150 c.e. The authors point 
out that the elimination of this dead space results in more effective ventilation, 
a diminished resistance to inspired and expired air, and thus reduction of the 
paradoxical motion of the unstable chest wall. Poor ventilation immediately 
leads to inadequate absorption of oxygen and elimination of carbon dioxide. 
The body responds to these stimuli by attempting to increase rate and the 
depth of respiration. The volume of respiration may be limited by other 
factors such as partial collapse of the lung due to pneumothorax, hemothorax, 
actual lung destruction, obstruction of alveoli by pulmonary edema and secre¬ 
tions, painful splinting of the i-espiratory muscles, and instability of the chest 
wall due to multiple rib fractures. Increasing the rate of respiration provides 
little benefit because of the poor volume of exchange. Most of the air motion 
takes place within the dead air space which has been tremendously increased by 
the paradoxical motion of the chest wall. To improve ventilation and relieve 
the hypoxia and hypercarbia that initiate a lethal chain of events, the chest 
wall must be stabilized. Traction devices may be tried to relieve this para¬ 
doxical motion so that the patient can adequately ventilate himself, or adequate 
ventilation must be provided for the patient by the proper mechanical 
respirator. Ifractures of the ribs and sternum, or costochondral separations, 
producing only minor degrees of chest wall instability, can be controlled by the 
usual methods of overhead traction with screws, wires, pins, oi tongs. 

When the chest wall is badly crushed, particularly bilaterally, adequate 
stabilization is usually impossible by these traction methods. These patients 
must be provided with adequate ventilation by mechanical means. The idea 
of providing intermittent positive pressure oxygen to cases with ventilatory 
insufficiency is not new. Over 400 years ago, Vesalius of Holland (1542)^ 
insufflated gases into the trachea by means of a simple device similar to the 
fireside bellows. At the turn of the twentieth century, the pioneers of thoracic 
surgery were using a Fell-0’Dwyer foot bellows apparatus, the positive pres¬ 
sure cabinet of Brauer of Hamburg, and the negative pressure cabinet of 
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Smcibiucli, tile ioiciuniiLi of the Diiiikii icspii itoi !Mou iiLciitlyj tlieie 
ha\e been m.iiij icpoits using the moihiii dtsigiud iisiuialois of Ihigstiom, 
Bltase ilonnghan, Huxley, Beiiuttf, llmcisou, Jiilcison, Viiulkigiu, iMouh, 
and inauj otheis'^foi voutilatoiy mimUuimei, ot iiiilKio piliouts, pm 
ticulaily those sufieiiug fiom bulbosjun il poliomjolitis These iiiailuucs h.iie 
also been used on patients sufloiing tioiu postuscction inihnonaij iiisuffteicnei 
and acute systemic tet.inus 

Duiiiig Woild Wai IT, the \alui ol assistid lentil itioii wis leiili/ed in 
crushing injiiiios of the chest Positm ]>hsshi( oxyguiuas ulmiinsteud bj 
use of a tightly fitting face mask oi pioinhd dimllj thiough an emloliaeheal 
tube eouneeted to an oxjgen bag A Dnnl iispiiatoi was sometniiis used 
to tiaiispoit the patients to a fiealimnt i flu \ due of this tipe oi lieat 

meiit has not been fiillj appieeiatid I m his illuimn iting lepoit, do 

sciibed the piessuio lelationships lim ueeissaiy to eoiiiet llu 

paradoxical motion ol a liaetuied ill i I 'I obsmecl the la neluial iisuits 
of iiiteimitteiit oxygen thoiapj dm in i 4:11111 phase of tioatment and 

leali/ed that this must be eoiitmued III III I I i Inst h id lie.iled llodciised 
a simple and iiiexpeiisii0 api) uatus t< I I divi iiiessuii oxygiii Ihioiigh 

the tiaelioostomy tube He found tl 1' ti gisexehangi eoiild olti 11 

be maintained on a 4 0111 watii pi< 1 il betwieii iiispiiatioii and 

expiiation so that the iiitiatiaeheal 1 i'll bilow atiiiosphi 1 u pus 

sine oil inspuation, and Mould laisi I 1 iboie iitiaospheiie piissuio 

on oxpiiatioii AVc haic used Jiiisii "itli good lesiilts mIkii the 

patient had actiie lospiiatoiv iiumi 1 u wis no associated biiiin 

damage 

In many cases, adequate veiifil it 1 nnlanied with a di iiiaiid 

flow appaiatus and it IS not feasibh 1 'I \)iiiatoiy usistiiine .ibovo 

I cm of watei because ol the delete n I 1 li nienlation IJeinand How 
lespiiatois aie not adeipiato foi man I si nii 1 1 s In cause iiiuseh, neiio, and 

Inain damage may bloek the inilKiil I ibli I 1 I "i md ” Most ol the olhc 1 

common respiiatois now being used m ci'hd li\ ciliici tune 01 piessiiic and 
operate to delivei a eei tain pussiiu russiiu lilli u iitiils will laiy lioiii in 
diiidiial to iiidiMdiial and olteii in ttu sauu iiidiiidiiil iioiii tniio to time, dc 
pending on the laiiations in the resist iiics in tin piilmonaiy tiic Ihisc 
lesistanees aie tlu How of gases thiniigli the liae he olnonciinil tiee, the* flie- 
tioiial Ksistanee betwee 11 tissue s, and the lesistiiiiie ebli to the e I istieily of the 

‘•'lest wall and lungs often uleiiid to as 'pnl".. oompliinee ” To mam 

1 patient 111 a steady, and even pie ile I. nnnie d, jiliysiologie level, the 
iiniiute volume must be iiminlame d at i eniislanl, while the piessuii eliffei- 
^'itials aie allowed to Hue tuate, di|i. ndiiig on the e ladle p.ope itie s of the lungs 
and chest wall and fiietioiml Iesistunei in the tissues iiiel the iiiiwii} 

Vo,c/i PiHton'J’.jpo HespuiUo, The* Me.uh lespnatoi was found t 
Particulaily adaptable loi the liealminl ol patie ids vvilli seu ii^^e lie st in 
(Pig 6 ) This muehinc was Hist ilesigniil «>i'l d"" 
while m Copenhagen It eoiisisl i ol a pialoii lv|a ' 
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motoi and is designed to give a large^troke volume (Fig. 7). Tlie stroke volume 
I adjimtable from 0 to 3,600 e.e. Fresh air, or air-oxygen mixture, is pumped 
tiom the cylinder across a humidifier to the tracheostomy. A specially designed 
check-valve” is interposed in the system near the tracheostomy tube so that ex¬ 
halation talces place as soon as the desired stroke volume has been delivered 
(Fig. 8). The apparatus is ruggedly constructed so that mechanical failures 
have been nil. A hand-bellows has also been incorporated in the machine so 
that ventilation can be carried out in case of electrical power failure or when 
transporting the patient (Fig. 9). 


Although it first seemed unreasonable to use an uneuffed tracheostomy 
tube, the advantages of the uneuffed tube are now obvious.-^ It was first used 
by one of us (E. T. M.), in 1951.-3 


The Cuffed Tvcicheostomy Tube .—The use of the cuffed tracheostomy tube 
(Pig. 10) is disadvantageous in many respects, and it is said to be attended “by 
all sorts of complications.(1) The soft rubber tracheostomy tube with in¬ 
flatable tube is much more difficult to insert into the right place in the trachea 
than the silver tube. The cuffed tube may go into the loose connective tissue 
outside the trachea; it may not be inserted far enough; or it may be inserted 
too far so as to enter the right main bronchus so as to obstruct the right upper 
lobe orifice. (2) The cuff offers resistance on insertion, and may rupture or be 
dislocated dux’ing insertion. (3) The cuff is unreliable and treacherous because 
it is difficult to keep inflated and the inflated cuff presses against the tracheal 
mucosa and may cause trauma or even necrosis. 


The Uneuffed Tracheostomy Tube .—The rmeuffed tracheostomy tube for in¬ 
termittent positive pressure breathing has been used by us (Pig. 11). It proved 
satisfactory if a high stroke-volume respirator was used, enabling one to com¬ 
pensate for the leaks. The uneuffed tracheostomy tube is now used routinely 
for all eases requiring ventilation by tracheostomy. It has been used con¬ 
tinuously for pei’iods up to thirteen months in cases of respiratory paralysis 
due to poliomyelitis. The leak up through the larynx has proved desirable 
as a safety device against excessive pressures in the lungs and will prevent 
secretions from entering the trachea by blowing them from the pharynx up 
toward the mouth where they are easily accessible to the nursing staff. 

Care of Tracheostomy.— For tracheostomy, an ordinary Chevalier Jackson 
silver tracheostomy tube has been modified (E. T. i\I.) with two swivel joints so 
that the patient may move his head without impingement of the tube on the 
trachea.A screw cap allows access for suctioning without actually disconnect¬ 
ing the attached tubing from the respirator. 

Proper humidity can usually be maintained by filling the humidifier in the 
respirator with 5 per cent alcohol-water solution. Additional humidity can be 
used by inserting a Hi-flow nebulizer in the system. In some cases, distilled 
water will be sufficient for aerosol. In other cases, bronchial secretions may 
be viscid, and large plugs or crusts, life-threatening. Diluted Alevaire (1:4) 



Fie C —Morcli piston respirator connected to plastic cliccK vahe and tracheostomy tube 



7-—Dlnpr'ini sliowiiie the piinclplcs of tlie "Murcli piston re*«pirntor 
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may be used effectively as a detergent and occasionally diluted Tryptar enzyme 
digestant is necessary. Bronchoscopic aspiration through the tracheostomy 
can be used as indicated. In chest injuries, tracheobronchial suctioning must 
be carried out every 15 to 30 minutes because of the large volumes of secre¬ 
tions. To prevent further contamination of the airway, a sterile catheter 





irjg, S.—Morch plastic exhalation \alve and s\vi%eled, uncuffed, silver tracheostomy tube. 
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CUFFED TRA.CHEOSTOZyVY TUBE 



(■with large laryngeal'leak’) 



Esophagus 


Fi;f lO Cuffed tracheostoiiij tube iimxt bo airtiglit for pressure cycled respirators 
blK 11 ■—Uncuffed traclu.ostom> tube delivi.rb adequate \entilation Jf respirator stroke 
\oluine IS suillcient to compensate for Itonbcal leak 
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should be used with each aspiration. The Coude curved-tip catheter is the 
easiest to insert into both the right and left bronchi by merely turning the tip in 
the correct direction. 

Cultures and antibiotic sensitivities are taken on bronchial secretions at 
appropriate intervals to determine the eft'eetive antibiotics to be used paren- 
terally and topically to inhibit tracheobronchial and pulmonary infection. 

Pioper Respirator Pressure Profile .—Cournand and Motley and their asso¬ 
ciates"® found that cardiac output was not decreased -with intermittent positive 
pressure respiration provided that the expiratory phase was slightly longer than 
the inspiratory phase and Avhen the expiratory pressure was allowed to drop to 
that of the atmosphere. In other words, normal cardiac output depends more 
on the type of pressure profile in terms of the length of inspiratory and expira¬ 
tory phases and the mean intratracheal pressures rather than the peak intra¬ 
tracheal pressure. A proper pressure profile allows for the adequate recovery 
of circulation during expiration so that blood flow remains constant even over 
wide ranges of intratracheal pressures. Inspiration is accomplished with a 
short blast of air occupying only one-third of the respiratory cycle time. The 
peak inspiratory intratracheal pre.ssures are usually 30 mm. Hg or less. By 
balancing the stroke volume and rate of respiration against the patient’s 
tracheobronchial resistance and pulmonary compliance a proper pressure profile 
can be obtained for each patient. 

I'he 3Iaintenance of Adequate Alveolar Ventilation .—There will be adequate 
oxygenation of the blood when air or gas mixtixres have oxygen tensions of 100 
mm. Hg or greater. This tension is easily obtained. Therefore, ventilation should 
be X’egidated according to the amount of carbon dioxide to be removed.-^ Be- 
:ause of serious alterations that can occur in acid-base and electrolyte balance 
vith abnormal concentrations of carbon dioxide, it is necessary to keep the 
:oncentration of this gas within certain limits. It has been found that respira- 
ory acidosis has far more serious consequences than mild respiratory alkalosis; 
herefore, it is logical to keep the patient in normal balance or even in slight 
'espiratory alkalosis. The Radford nomogram can be used to calculate the 
ninute ventilatory volume on the basis of each patient’s metabolic demands.”® 
tVe have found it simpler to keep the body in a state of slight respiratory 
alkalosis so that we can call upon the brain’s respiratory center to help monitor 
the controls of the mechanical ventilator. By adjusting the stroke volume 
and rate of the respirator so as to keep the aHeolar CO 2 tension just at the 
level to render the patient apneic we are able to take advantage of this delicate 
monitoring system. Should the patient benign to make spontaneous respiratory 
efforts, stroke volume can be slightly increased to render him again apneic. 
This volume of ventilation should be carefully titrated so as not to hyper¬ 
ventilate the patient massively. Serious deviations in blood chemistry due to 
liyperventilation can be avoided by checldng the pH and COo of the venous blood 
once or twice daily. If the patient’s respiratory center is depressed by asso- 
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ciated braiu damage, nioie fiequeiit analysis of pH and CO2 may be necessary 
Protein and clectioljte levels should be propeily maintained by appiopiiate 
studies and theiapy 

Rahonah of llypetvenhlaUon Theiapy —Although mechanical lespiiatois 
have had wide application in a laiicty ot pathologic conditions haling veiitila 
toiy insuffloieiicv, and eieii 111 chest iiijuiies, ue belieie that 11 e aie the fiist 
to lecommend pioloiiged inecliaiucal hypei ventilation to piodiice alkalotic apnea 
as a tlieiapeutie iiiodalitj in seierc ciushiiig iiijuiies of the chest 

The maiinei 111 which hjpeiieiitilatioii eounteiaets paiadoMcal lespiiation 
and oveiiiding fiactuied iibs can he evplaiiied as a combination of two faetois, 
mechaiiieal and bioehcmical (Fig 12 ) 

The inecliaiucal faetoi is as follows Dumig active inspiiation, as the 
diaphiagm descends, the intiatlioiaeic piessiue decieases to subatmospheiic 
The extiathoiacic atiiiospheiie piessiue, now being gieatei, pushes the tiaumat 
icallj softened tlioiax inwaid and paiadoMcal motion and oioiiidmg of the iibs 
results Duiiiig active exhalation the leieise takes place The intiatlioiacie 
piessuie IS now above the e\tiathoiacic atmospheiic piessiue and the fiactuied 
paits oi the boiij thorax aie pushed oiitwaid 

During passive (meohanical) inspiiation, the an is automatically pushed 
into the lungs uiidei a piessuie which cxeits a gentle, eieiilj distiibuted outivaid 
push on all of the softened paits, holding them 111 then iioiinal position 
During passu-c exhalation, the intiathoiaeie prcssuie diops tow aid loom piessuie 
so that the inside push graduallj diminishes Because the patient is apiieie, no 
voluntaxy diapluaginatio action oeciiis and constciuently, no negative iiitia 
thoiacic piessuie develops to pioditce paiadoxical motion In this way, the 
alteinatnig positive and subatmospheiic piessuie duiing active lespiratoiy 
effoits has been leplaeed by a fluetuating positive piessuie The only iib 
motion IS m their noinial arcs while they passively iide on this cushion of an 
as the limgs gently, and passively, expand aiiel contiact All paiadoxical 
motion xvith oveiiiding and giinding of biokeii 11b ends is stopped by this 
“inteiual pneumatic stabilization ” 

The Biochemical Factoi Is as Rolloivs —During h^peiventilation, eaibon 
dioxide IS washed out of the lungs The CO di ops 111 the al\ eolai an, in the 
blood, and 111 the respiiatory centei, and active lespnation ceases Hypoxia 
and hypeieaibia, having pieviously aggiavated pulmoiiaiy and ecicbial edema, 
aie now corieeted and this tieiid leveised The vicious cycle is thus biokeii 
by adequate ah eolai v entilation The chest wall now follows the p issiv e 
vaiiations in piessuie piodueed by the lespiiatoi, and paiadoxical movements 
disappeai AVhen a patient with an injuicd chest is left to bicathe by his own 
vmluntaiy effoits, ventilitioii will be insufficient and some dcgiee of asphyxn 
will develop with lesultant excitement, icstlcssinss, and confusion When 
mechanical ventilation is earned out, hypoxia disappcais and with it the 
central stimulation If sufficient caibon dioxide is blown out, i mild sedation 
has been found in most patients The lespiiatory niusi.’ ' „aase n 
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B. ACTIVE EXPIRATION 




C. PASSIVE EXPIRATION 



D. PASSIVE EXPIRATION 

( mechardcal 1 


Fig, 12._ A and B illustrate pressure relationships with active voluntary respiratory 

efforts causing paradoxical motion of chest wall and overriding and grinding at nb ends. 

C and D illustrate passive (mechanical) ventilation. Chest wall and ribs ride passively 
up and down in their own arcs as the lung gently Inflates and deflates. All paradoxical motion 
with overriding and grinding of broken rib ends is stopped by this "internal pneumatic 
stabilization.” 
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work is done for them and the result is that the patient rests and may even 
go to sloop. Sedatives may be given as desired for the fear of depression of 
the respiratory center is now obviated by the meohanical respirator. 

A deterrent to the application of prolonged passive meehaincal hyperventila¬ 
tion has been the time-honored fear of the adverse effects of the “active hyper¬ 
ventilation syndrome” as seen in hysteria, volunteers, and metabolic acidosis.^'* 



Fiff, 13.—This gmpli shows that pressures ami how's in both systemic and pulmonary 
\e3sels %ary ayncnronously ujth the intratracheal pressure. CarJiac output remains practically 

nnriii}>l 
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Ihese symptoms of tetany, convulsions, unconsciousness, and even death, how- 
CA'^er, appear to occur only in active hyperventilation. None of these ill effects 
have been seen in our patients Avith crushed chests using continuous passNe 
hypei’A'^entilation to 2?i'oduce mild respiratory alkalosis for periods of more 
than a month. Mechanical A'^entilation has been carried out without adversity 
in patients for OA^er thirteen months. 

Another deterrent to this ncAv method of treating crushed chests has been 
the numerous references regarding deleterious response to the circulation to 
intermittent positive pressure insufflation.-"’^'^® Circulatory changes caused by 
varying the endotracheal pressui*es have been studied by us in man and in 
seA^eral experimental animals (dog, rabbit, guinea pig, and bat) (Fig. 13). The 
circulation has not been significantly distui-bed Avhen the pressure Avithin the 
trachea has the correct amplitude, timing, and mean iDressure. 



Changes in blood chemistries have been carefully studied and no undesir¬ 
able symptoms Avere foimd in dogs vigorously ventilated to produce marked 
respiratory alkalosis (Fig. 14). The chemical changes into and out of respix-a- 
tory alkalosis took place in a few minutes. Blood chemistries Avere carefully 
studied on humans treated on the Morch respirator by mild respiratory alkalosis 
and these studies revealed that no serious deviations occurred in pH, CO^, and 
electrolyte balance (Fig. 15). 
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Fig. 15—Chemical changes In a patient on prolonged mechanical bypcr\entilation. 


SUJIJURY AND CONCLUSIONS 

1 . A new inetliod of treatment of severe cnishing injuries of the chest is 
presented ivith the use of continuous hyperventilation by m'eans of intermittent 
positive endotracheal insufflation to produce alkalotic apnea. 

2 . The most striking benefit of this mechanical hyperventilation treatment 
is that it is safe and allows the siuwival of patients with seemingly hopeless 
prognosis. 

3 . Other benefits are: correction of paradoxical motion of the chest wall; 
removal of hypoxia and hypercarbia; absence of imlmonary edema; less seda¬ 
tion is required; no serious deviations in blood chemistry with prolonged mild 
respiratory alkalosis; no measurable cii'culatory defects; prompt return of 
blood chemistiies and physiologic i espouses to normal with cessation of hyper¬ 
ventilation ; and no late ill effects. 

i. Continuous mechanical ventilation should find a much wider range of 
application where there is lo.ss of integiity of the chest wall (crushing in- 
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Junes); infections (poHomyelitis, tetanus, etc.); muscle disease (myasthenia 
gravis, etc.); trauma to the brain (head injuries, postoperative neurosurgical 
conditions, cerebral vascular accidents); respiratory depression (industrial 
poisons, siucide, overdosage of medications, and anesthetics); and in ventila¬ 
tory insufficiency following pulmonaiy resection. Many of these patients die 

not of their primary pathology, but from complications arising from decreased 
pulmonary ventilation. 
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Discussion 

DR HELGE WULFF, Malmo, Sweden—^The excellent equipment so vrell demonstrated 
here by Dr Morch and hia collaborators is no doubt a good contribution to the tTeatment 
of risky pulmonary tuberculosis patients operated on with segmental resections and lobec 
tomies, and especially of polio cases Dr Trier Morch has demonstrated the equipment in 
Scandinavia and, in Sweden, wo have used it in a sliglitly modified type Witli great success 
I have listened to the demonstration with great interest 

DR B H RAMSAY, Los Angeles, Calif—wish to congratulate Dr Averj, Dr 
Morch, and Dr Benson on their very interesting paper I think this is something we all 
need to learn to do and obtain the equipment to do so In general, treatment of the crushed 
chest is unsatisfactory, as exemplified by this patient Two years ago, vihen 65 years of 
age, she sustained anterior and posterior fractures of all twelve left ribs When she 
survived, everyone concerned was pleased, but the nb fractures, although all healed, 
had caused displacement and reduction in the left hemithoracic volume by at least 50 per 
cent There was little ventilation in the compressed left lung One jear later, a second 
accident, involving only two of the upper ribs on the right side and a very small pulmonarj 
hematoma, almost resulted in her death as a secondary upper wall atelectasis occurred, 
due to clotted blood Only tracheostomy and constant care preserved her Any non 
traumatic nght sided disease such as pneumothorax, or atelectasis, or pneumonia, or even 
an infarct, would have been similarly serious 

Long ago, surgeons were satisfied if a broken bone healed Then the disadvantages 
of nonunion and shortening were appreciated Accurate reduction and complete return 
of function are now the expected goal Tins must bo our idea also in management of the 
crushed chest Because of associated injuries, old ago and debility, and the need to get 
people out of bed and back to work, it is not satisfactory to employ routinely balanced 
traction m a bed frame During the phase of shock, it is not practicable to viiro the 
fractured ends front and back I believe that one can reduce the displaced section of tho 
chest by one or more temporary pencostal or pcnsternil traction sutures, of wire or other 
material, placed at tho center of tho flail bj direct surgical attack under local anesthesia, 
attaching these to an external splint similar in all respects to that commonlj employed 
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juries); infections (poliomyelitis, tetanus, etc.); muscle disease (myasthenia 
gravm, etc.); trauma to the brain (head injuries, postoperative neurosurgical 
conditions, cerebral vascular accidents); respiratory depression (industrial 
poisons, suicide, overdosage of medications, and anesthetics); and in ventila¬ 
tory insufficiency following pulmonary resection. Many of these patients die, 
not of their primary pathology, but from complications arising from decreased 
pulmonary ventilation. 
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■ Discussion 

DE. HELGE WULFF, Malmd, Sweden.-—The excellent equipment so well demonstrated 
here by Dr. Morch and his collaborators is no doubt a good contribution to the treatment 
of risky pulmonary tuberculosis patients operated on with segmental resections and lobec¬ 
tomies, and especially of polio’cases. Dr. Trier Morch has demonstrated tho equipment in 
Scandinavia and, in Sweden, we liavc used it in a slightly modified type Witli great success. 
I have listened to the demonstration with great interest. 


DE, B. H. RAMSAY, Los Angeles, Calif.-—I wish to congratulate Dr, Avery, Dr. 
Morch, and Dr. Benson on their very interesting paper. I think this is something we all 
need to learn to do and obtain the equipment to do so. In general, treatment of tho crushed 
chest is unsatisfactory, as exemplified by this patient. Two years ago, when 65 years of 
age, she sustained anterior and posterior fractures of all twelve left ribs. When slio 
survived, everyone concerned was pleased, but the rib fractures, although all healed, 
had caused displacement and reduction in the left hemithoracic volume by at least 50 per 
cent. There was little ventilation in the compressed left lung. One year later, a second 
accident, involving only two of the upper ribs on the right side and a very small pulmonary 
hematoma, almost resulted in her death as a secondary upper wall atelectasis occurred, 
due to clotted blood. Only tracheostomy and constant care preserved her. Any lion- 
traumatic right-sided disease such as pneumothorax, or atelectasis, or pneumonia, or even 
an infarct, would have been similarly serious. 


Long ago, surgeons were satisfied if a broken bone healed. Then tho disadvantages 
of nonunion and shortening were appreciated. Accurate reduction and complete return 
of function are now the expected goal. This must be our idea also in management of the 
crushed chest. Because of associated injuries, old ago and debility, and the need to get 
people out of bed and back to work, it is not satisfactory to employ routinely balanced 
traction in a bed frame. During the phase of shock, it is not practicable to wire the 
fractured ends front and back. I believe that one can reduce the displaced section, of tho 
cheat by one or more temporary pericostal or poristernal traction sutures, of wire or other 
material, placed at the center of the flail by direct surgical attack under local anesthesia 
attaching these to an external splint similar in all respects to that commonly employed’ 
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anteriorly!"^ wirf V^s^d excavatura. It can be placed laterally or 

throjk p«l,.,H,,-,ene („bi.g .<■ a^oid tis»a rZL'“z btLv“lphl“h.'.Td Z Zl 


Minneapolis, Minn.—I would like to congratulate Dr. Avery 
brieflv"rb Dr. Benson on this e.xcellent contribution. I propose to discuss very' 

briefly the management of chest injuries and particularly to point out that the type an^ 
degree of injury are what should condition the method of management. 

We believe that the most essential treatment, the most essential maneuver in manage¬ 
ment of chest injury, particularly a crushing injury of the chest, is a tracheostomy. Many 
patients with severe chest injuries will do well with a simple tracheostomy. The tracheo¬ 
bronchial secretions can be managed by effective aspiration. The resistance to flow of the 
respiratory exchange is reduced enough by tracheostomy so that paradoxical motion will 
subside and the patient will be able to manage his own exchange very well. 

The group unable to maintain adequate exchange because of persistence of a flail 
chest wall after tracheostomy can be managed by simple continuous positive pressure with 
about 2 cm. of water pressure maintained at all phases of respiration. This maneuver 
converts ventilation into active expiration while passive inspiration is provided by the 
positive pressure. In other words, the abdominal muscles take over and exhale against the 
positive intrapulmonary pressure. The thoracic cage is held steady in an almost full 
inspiratory position and paradoxical motion stops. 

Everything goes well with continuous positive pressure unless one of two situations 
arises. If tachypnea develops or is present, either because of head injury or respiration 
too limited in depth because of loss of lung elasticity as in emphysema or for other reasons, 
then inspiration must be deepened to slow the rate and this requires assistance by mechan¬ 
ical ventilation. Likewise, if abdominal complications develop which result in splinting of 
the abdominal musculature in association with a flail chest, both mechanisms of respiration 
are seriously crippled and mechanical ventilation is required. 

In summary, I think we should all appreciate the fact that the patient with a severely 
crushed chest or a fixed thoracic cage who also suffers from a paralyzed or immobilized 
abdominal musculature must have mechanical ventilation to survive. 


DR. JOHN H. GIBBON, Jr., Philadelphia, Pa.—I think we ought to recognize that 
Avery and Mbrch and Benson have given us a very significant and revolutionary contribu¬ 
tion toward the surgery of trauma in these difficult cases. All of us, of course, who have 
been interested in methods of mechanical ventilation have used them during operative 
procedures and on patients whose respiratory muscles are paralyzed, and have been able to 
maintain respirations for days by this method. This is the first time, to my knowledge, 
that I have heard and seen the beautiful results obtained in the stabilization of a flail 
chest by mechanical ventilation. It seems to me this should have far-reaching consequences 
in the planning for mass injuries. I hope that members of this Association, and others 
who are in a position to take care of patients with traumatic injuries of the thorax, will 
try this method, so that next year a much wider experience can be reported to confirm 
these very interesting and exciting results. 

DR GEORGE N. J. SOMMER, JR., Trenton, N. J.—I agree that tins has been really 
a splendid paper. I want to mention particularly that this type of injury is to my mind 
very much on the increase even in my own practice. I came down here yesterday and on the 
way I passed four automobile accidents of a serious nature. Another point, I chased cars 
all the way down although I was driving pretty fast. In my opinion, with the speed of 
travel at the present time, we are going to find more and more drivers of automobiles 
seriously injured with crushing chest injuries as they crash against steering wheels. Twenty 
or 25 years ago people were talking about head injuries. The drivers in those cases were 
usually protected by their feet on the brakes and their grasp on the steering wheel, with 
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the car going 40 or 50 miles an Ijour At the present time, 60 and 70 miles per hour seems 
to bo the usual rate of speed Tlie drivers are no longer given that protection I think that 
IS the reason -why there is, and is going to be, such a marked increase of these serious 
injuries Certainly thej are serious and the work done todaj and shown todaj shows a 
method of saving the most seriouslj injured 

I think Dr Gibbon made one mistake,* although he does not make \ erj many But, 
in the case of mass injuries, these people are going to die There will never be enough 
equipment for what he has in mmd, or enough personnel to sa\o people if there are 
thousands and thousands of casualties The people less se\ereh injured will bo sa\ed, 
but I am afraid that neither he nor I nor anibodj else can sa\e these verj seriouslj in 
jured people with a great many injuries 

DR PETER V "MOULDER, Chicago, III —Dr Alorch and Dr Benson hai e asked me 
to show jou a movie demonstrating the effect of positiie pressure on the circulation The 
small vessels m the bat wing are filmed through a imcroscope during periods of varying 
pressures in the trachea Air is moved via an intubated trachcostomj Circulation is first 
demonstrated during normal respiration, showing a 3^ead^ flow in the veins and arterioles 
With prolonged high, positive pressure there is marked slowing and reversal of flow m the 
artoriolca With the use of a high pressure of short duration and a negative phase, circula 
tion IS nearly normal Arteriolar flow slows for a short moment at the peak pressure onlj 

DR EDWARD E AVERY, Chicago, Hi (Closing;—I wish to acknowledge my sincere 
gratitude to mj co authors, Drs ilorch and Benson It Ins been an unusual pleasure to 
ha^e the close cooperation of two departments of both Northwestern and Chicago Medical 
Schools collaborating on this important clinical probleni The Morch respirator used on 
those patients represents the culmination of man\ \oais ot his re»earcli in this field Dr 
Morch’s imagination is boundless Vho else would think ot intubating a batl It does point 
out that this principle of mechanical ventilation can be applied to a 70,000 gram human 
being or a 5 gram bat 

With regard to Dr Roe’s paper on premature infants with hjpoplastic lungs, we are 
adapting the Morch respirator for use in these cases V e feel as Dr Potts does, that thesL 
babies must bo kept alive long enough to let their underdeveloped lungs grow Vo bo 
lieve that we may be able to provide adequate an exchange to support life bj hyper 
ventilating whatever little normal lung tissue is present 

I want to thank all the discussants for their rontnbutioiis It is our hope that this 
mechanical hjpenentilation therapj will find wide application for patients with strious 
chest injuries 


•Dr Gibbon later tolil the ^ was speaking of civilian disai»iers with 

perhaps 100 or 200 Injurea Persons^rj£ "haijtf SS atoo'lo attack tvlth thousands^i Ipjur^ 



TRAUiVIATIC RUPTURE OP THE LEFT-MAIN BRONCHUS 
SUCCESSFULLY REPAIRED ELEVEN YEARS AFTER 

INJURY 

Daotel, E. IMahappey, M.D. (by invitation), Oscar Creech, Jr., M.D., 
Holus G. Boren, M.D. (by invitation), and Mlchael E. DeBakey, M.d! 

Houston, Texas 

R upture of one of the major bronchi is now regarded as a relatively com¬ 
mon complication of severe trauma to the thorax. Although the condi¬ 
tion was diagnosed at necropsy more than fifty years ago,^’ 3“’ ** it was not 
recognized that this injury was compatible Avith survival until the report of 
Krinitzke in 1928.=® Subsequently, Jones and Vinson^" made the diagnosis 
clinically, the site of injury being visualized at bronchoscopy. In reporting 
his experiences with injuries of the chest during World War II, Sanger,^^ in 
1945, described 2 eases of traumatic wounds of major bronchi in which he was 
able to achieve a successful closure. It was not until 1948, however, that 
Griffith^® reported the first ease to be treated successfully by excision of the 
strietured segment of bronchus and restoration of bronchial continuity. Op¬ 
eration was performed about eight months after injury and was preceded by 
several unsuccessful attempts to dilate the stricture. Bronchial anastomosis 
was performed with No. 38 stainless steel wire, reinforced with fascia. Bron- 
chogram following operation was reported as normal and the vital capacity 
increased from 2,100 e.e. before operation to 2,700 c.c. eight months after 
operation. 

Since that time many reports have appeared of successful surgical 
correction of this type of lesion, two hours to fifteen years following in- 
jury.^®*^=’ *•’ The most notable case is that recorded by 

Samson and Evans^® in which complete rupture of the right main bronchus 
was successfully corrected, fifteen years after injury. 

In spite of the large number of instances of operative treatment of this 
condition, there is a paucity of data regarding changes in lung function re¬ 
sulting from the injury and from its correction.^®- •*“> Recently we have suc¬ 
cessfully treated a ease of traumatic rupture of the left main bronchus eleven 
years after injury. Pulmonary function studies were made before and on two 
occasions after operation. Because of its unusual clinical features and the 
interesting data it affords regarding pulmonai’y function, this case is reported. 


CASE REPORT 


W. E. a 32-year-old Negro man, was admitted to the surgical service of the Houston 
Veterans Administration Hospital, Aug. 31, 1955, with the complaint of exertional dyspnea 
of eleven years ’ duration. Dyspnea had appeared following an injury on Dec. 26, 1943, 
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Fig 1— A, Roentgenogram of the clieat tuo months after Injury showing a homogeneous 
density of the left liemithorax o\erdlstention of Uie right lung and displacement of mediastinal 
structures to the left D Roentgenogram of the chest approximately eleven years later 
reveals an Increase in volume of the right lung and furtlier movement of the mediastinum to 
the left 
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R upture of one of the major bronchi is now regarded as a relatively com¬ 
mon complication of severe trauma to the thorax. Although the condi¬ 
tion was diagnosed at necropsy more than fifty years ago,^’ =-• ** it was not 

recognized that this injury was compatible ■with survival 'until the repoi’t of 
Krinitzke in 1928.“® Subseciuently, Jones and Vinson"^ made the diagnosis 
clinically, the site of injury being visualized at bronchoscopy. In reporting 
his experiences -with injuries of the chest during World War H, Sanger,in 
1945, described 2 eases of traumatic wounds of major bronchi in which he was 
able to achieve a successful closure. It was not until 1948, however, that 
Griffith^® reported the first ease to be treated successfully by excision of the 
strictured segment of bronchus and restoration of bronchial contiuuity. Op¬ 
eration was performed about eight months after injury and was preceded by 
several unsuccessful attempts to dilate the stricture. Bronchial anastomosis 
Avas performed ivith No. 38 stainless steel Avire, reinforced AAdth fascia. Bron- 
ehogram folloAving operation Avas reported as normal and the vital capacity 
increased from 2,100 e.c. before operation to 2,700 c.c. eight months after 
operation. 

Since that time many reports have appeared of successful surgical 
correction of this type of lesion, tAvo hours to fifteen years folloAving in- 
jury.^®'^^’ The most notable case is that recorded by 

Samson and Evans^® in Avhich complete rupture of the right main bronchus 
Avas successfully corrected, fifteen years after injury. 

In spite of the large number of instances of operative treatment of this 
condition, there is a paucity of data regarding changes in lung function re¬ 
sulting from the injury and from its correction.’®’ ■’®’ Recently Ave have suc¬ 
cessfully treated a case of traumatic rupture of the left main bronchus eleven 
years after injury. Pulmonaiy function studies Avere made before and on tAvo 
occasions after operation. Because of its ■unusual clinical features and the 
interesting data it affords regarding pulmonary function, this case is reported. 


CASE report 


AV. E., a 32-year-oM Negro man, -was admitted to the surgical service of the Houston 
Veterans Administration Hospital, Aug. 31, 1955, with the complaint of exertional dyspnea 
of eleven years' duration. Dyspnea had appeared following an injury on Dec. 26, 1943, 
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Flff. 1.— A, Jloentsenogram of the chest two njontJis after Injury showing & homogenec 
density of the left hemlthorax. overdlstenUon of the right lung and displacement of medlastl* 
structures to the left. B, Roentgenogram of the chest approximately eleven years lai 
reveals an increase in volume of llie right iung and further movement of the mediastinum 
the Jett. 
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Fig. 2.—Bronchogram made prior to operation showing the left main hronrhMQ t.i. 

The hronchial pattern of the overdistended rieht lun^ 
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While in the Navy. The patient fell from a tractor on which he was riding and was run 
over by the front wheel of an attached trailer. Fractures of the left first rib, both rami 
of each pubic bone, and an indeterminate injury to the left chest resulted. At the time 
of injury the patient was in mild shock. There were dullness and absent breath sounds 
over the left side of the chest and deviation of the trachea to the left. However, hemop¬ 
tysis, pneumothorax, and emphysema were conspicuously absent. Thoracentesis was per¬ 
formed on one occasion and an unknown quantity of blood removed. Eoentgenograms of 
the chest following injury revealed opacification of the left hemithorax and marked devia¬ 
tion of the trachea and mediastinum to the left (Fig. 1, A). 


Approximately four months following injury, the patient was given convalescent 
leave and somewhat later he was discharged from the service with a diagnosis of “atelec¬ 
tasis, left lung. ’ ’ 


Physical examination at the time of admission, in 1955, revealed a slender Negro 
man who breathed easily at rest. The blood pressure was Ilf mm. Hg systolic and 80 mm. 
Hg diastolic. The trachea was deviated to the left and there was flattening of the left 
chest anteriorly. The apical cardiac impulse was shifted markedly to the left. Breath 
sounds were absent over the entire left hemithorax except parastemally and paraspinally, 
where tubular breath sounds were audible. 


Eoutine laboratory studies were reported as normal. Eoentgenograms of the chest 
revealed a marked shift of the trachea and mediastinum to the left and a homogeneous 
density throughout the left hemithorax (Fig. 1, B). A bronchogram disclosed that the 
left main-stem bronchus ended blindly, approximately 2 cm. distal to the carina (Fig. 2). 
The right lung was overdistended with a normal bronchial pattern. An electrocardiogram 
revealed a sinus bradycardia and an incomplete right bundle branch block, Basic pul¬ 
monary function studies showed a reduced vital capacity but a normal maximum breath¬ 
ing capacity (Fig. 3), Angiocardiography was performed with 70 per cent Urokon sodium, 
but the opacity of the left chest precluded good visualization of the vascular bed of the 
left lung. 

On Sept. 19, 1955, operation was performed. After anesthetization but prior to 
operation, bronchoscopy was carried out and the left main-stem bronchus was observed to 
end abruptly. The bronchial pouch was lined with normal-appearing mucosa. After 
bronchoscopy was completed an endotracheal tube was introduced, the patient was placed 
in the right lateral decubitus position, and the left chest was entered through a standard 
.. posterolateral thoracotomy incision, resecting the sixth rib. The left lung was airless and 
lying free. The heart was almost entirely within the left hemithorax. Pleural surfaces 
were glistening and normal in appearance. In fact, with the exception of complete 
collapse of the lung and the abnormal position of the heart, there was no evidence of any 
morbid process having taken place. The left main bronchus was isolated and an area of 
complete stricture 1.5 cm. in length was found with a proximal stump of bronchus 2 cm. 
in length (Fig. 4). The bronchial arteries were not enlarged and the pulmonary artery 
and veins appeared normal. The distal portion of the stricture was excised and a large 
amount of clear, gelatinous material was aspirated from the distal bronchial tree (Fig. 5, A). 
It was then possible to inflate the lung easily with slight pressure from a syringe. The 
region of the carina was dissected next and the proximal bronchial stump amputated 
above the area of narrowing to gain a normal-sized lumen, free of fibrous reaction. Simi¬ 
larly a ring of cartilage was excised from the distal end thus producing two lumina of 
almost equal size. An anterior row of interrupted No. 3-0 silk sutures was first placed, 
and the sutures were then tied (Fig. 5, B). The membranous portion was appro-ximated in 
a similar fashion, all the knots being tied outside the lumen. Upon completion of the 
anastomosis, the anesthetist was able to inflate the lung completely without leakage of air 
at the suture line. It was observed that the left lung was about one third smaller than 
normal The left chest was drained with two intercostal catheters and the wound was 
closed. The patient was then placed in a supine position and a low tracheostomy per¬ 
formed. 
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The postoperative course was relatively benign. The chest catheters were removed 
on the second day and the tracheostomy tube on the ninth day after operation. Because 
of evidence of atelectasis of the left lower lobe, bronchoscopy was performed on the 
fifteenth day An 8 mm. Jackson bronchoscope was passed through the anastomosis with 
ease and a small area of granulation tissue noted on the anteromedial aspect of the suture 
lino All of the bronchial divisions were patent. A bronchogram performed on the 
seventeenth day folloiving operation revealed slight narrowing at the suture line although 
all divisions of the left lung filled (Fig 6). There was slight dilatation of some of the 
segmental bronchi but no evidence of true bronchiectatic change There was also crowd 
ing of the bronchi compatible with the decreased volume of the lung. On the nineteenth 
day following operation the patient was discharged. 
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Triff 4 Drawinff showing the location and extent of the stricture of the left main 

bronchus'. ^'E.’^osure^of the stricture Is facilitated by partial mobilization and retraction 
of the aorta. 



frnm the distal bronchial lumen after exc bronchial continuity is restored by end-to ena 
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a severe, crushing injury of the chest with the force of injury being trans¬ 
mitted to a closed, hollow viscns.'' Apparently a shearing type of force 
is brought to bear on the tracheal bifurcation with resultant rupture of 
one of the major bronchi.-^ The injury may be eonfirred to the main-stem 
bronchus,®’ “■ or may extend into 

the trachea, proximally,®' 3 s, 45 jjijo the secondary bronchi, dis- 
tallyd”’ Hemoptj’sis, subcutarreous emphysema, and pneu¬ 

mothorax are common clinical manifestations. There may be variable degrees 
of shock with hypoterrsion and tachycardia. Cyanosis may be a prominent 
feature, dxr some itistances, other associated injuries bfhtg about the death of 
the patierrt before symptorrrs of bronchial rupture are manifest. However, 
the majority of patrerrts survrve long enough for the diagirosis to be estab- 



Fig 6-^.4, Roentgenogram o£ the clicst made approximately two months following 
operation shonlng re-expansion of the left lung, but with moderate ele> alien of the left 
hemidiaphragni The mediastinal structures are only slightly displaced to the left. 

Bronchogram maJe fC'enteen days after operation shows a moderate amount of 
dilatation of the left oroncnial tree There is inimmal narrowing at the site of anastomosl 


lished and treatment instituted. The case reported here is very unusual in ^ 
much as hemoptysis, subcutaneous emphysema, and pneumothorax were not 
present. Apparently there -was complete transection of the bronchus ^Mth 
interposition of the mediastinal tissues so that the rupture was completely 
sealed. In most of the eases reported, pneumothorax uuth a persistent, severe 
air leak is a pi eminent feature. If tlie leakage of air is severe enough, early 
thoracotomy may be required. On the other hand, conservative therapy may 
he adequate in the early treatment of the lesion and only in the subsequent 
postinjury period is the true nature of the condition apparent. If broncli^i 




Fig. lA .—Posteroanterior and lateral roentgenograms of the chest made five months after 
operation show increased expansion of the left lung. 



Fig. IB—in a bronchogram made approximately six^monUis ^after^ 
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occlusion is incomplete, repeated infections in tlie pulmonary tissue distal to 
tile injury almost invariably occur, manifested by pneumonitis or frank sup¬ 
puration with resultant lung destruction requiring pneumonectomy.”' 

Several aspects of the operative management are worthy of emphasis. 
Although the pi’oue position has been recommended for optimum exposure of 
the major bronchi,^- in this instance, the lateral decubitus position proved 
eminently satisfactory largely because of the marked mediastinal shift to the 
involved side. Partial mobilization of the distal aortic arch and the proximal 
portion, of the descending aorta afforded better exposure of the tracheal bi¬ 
furcation.^ Following adequate exposure of the area of stenosis, the stricture 
was completely excised, sacrificing a minimum of normal bronchial wall in 
order to limit the degree of disproportion. The endotracheal tube was then 
guided into the right main-stem bronchus with a forceps passed through the 
proximal stump of the left main bronchus. Thus, positive pressure inflation 
of the contralateral lung was assui'cd during bronchial repair. The viseid, 
gelatinous material which filled the bronchi distal to the stricture presented 
a problem inasmuch as it had to be completely removed before the lung could 
he re-expanded. It was suggested that one of the detergents be instilled into 
the bronchus ill an attempt to liquefy this materia], but aspiration through a 
small catheter proved successful so this suggested method was not employed. 
The anastomosis’’ was performed with interrupted simple sutures of black 
siik since this technique of eiosure has proved satisfactory for other types of 
bronchial repair. Tracheo.?tomy was performed primarily as a precautionary 
measure although it undoubtedly obviated the need for bronchosoopio aspira¬ 
tions during the early postoperative period. 

The apparent tegtessiou of the previously noted dilatations of the bron¬ 
chial tree is of interest and adds objective evidence to the studios of Croxatto 
and Lanari* on the pathogenesis of bronchieetasis. They have postulated that 
complete bronchial obstruction is followed by atelectasis and subsequent 
'“mucous hronchodilatatiou” secondary to continued secretion of the mneous 
glands and rvith the resultant dilatation being directly related to the increased 
intraluminal pressure rather than the effect of “external stretching." They 
further postulate that this phenomenon is apparently a reversible one if the 
factor of secondary infection is not introduced. Although they were unable 
to show this conclusively hi the experimental animal, their hypothesis is never¬ 
theless a valid one. The finding of a bronchial tree distended with mucus has 
been a constant feature in those cases operated upon several weeks to many 
years after injury, and histologic sections confirm the impression that inflam¬ 
mation and suppuration are not factors in the usual ease of complete bronchial 
occlusion.” The changes noted in the broiichograms after an interval of six 
months show rather conclusively that this is a reversible phenomenon (Figs. 


Pulmonary Finichon.—As indicated previously, the mcehanism for the 
prodnction of bronchial rnptui-e and the principles underlying its treatment 
are well established. On the other hand, little is knmvn regardin'^ the 
■on pulmonary function of this injmy and its subsequent correetion.^In 
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studies three months after operation. The injured shWaTfound ThaTe 
o7.3 pel sent of the oxygen consumption, a tidal volume of 249 ee a vital 
capacity of 913 e.e., and a minute volume of 4.980 e.e. These eompai’cd ivith 
62.7 per cent oxygen consumption, 800 c.e. tidal volume, 1,826 e c vital ea- 
pact y, and a minute volume of 6,000 c.e. for the iminvo^ed lung. In a per¬ 
sonal communication, the authors state that recent studies indicate an almost 
equal division of function between the two lungs.^® 

In an attempt to understand the altered“physiology associated with this 
condition, available piilmonaiy fimetion studies have been utilized. Serial 
postoperative studies are being done to evaluate the course of the patient 
from the functional standpoint in addition to the preoperative evaluation. 


Jlefhods.—With the patient in a sitting position, subdivisions of lung vol- 
™ ^ 9-5 L. spirometer and expressed as volumes at 

bi-rb. Minute ventilation, maximum breathing capacity (MBC) and timed 
vital capacity (TVC) were then measured. The studies were done preopera- 
tively and at seven weelp and five months postoperatively. At the time of 
the last study the maximal midexpiratory flow of Leuallen and 

Fowler*® was obtained. Changes in lung volumes not susceptible to such 
measures were estimated by the roentgenographic method of Cobb and his 
associates.® 


Although absence of bronchial communication to the left lung prevented 
preoperative bronehospirometry, the procedure has been done postoperatively 
■within two days of the time of determination of total function. A Carlens 
catheter was used, with proper placement being Judged by fluoroscopic po¬ 
sition of the catheter, by the absence of transference, and by the change of 
tracing upon 'withdrawal. No diffleulty Avas encountered Avith either catheter 
passage or placement. The influence of turning the patient from the supine to 
the right or to the left lateral decubitus position Avas observed. An unsuccess¬ 
ful attempt was made prior to operation to estimate the distribution of blood 
in the pulmonary vascular bed by the use of angiocardiography. 

Arterial blood Avas obtained preoperatively and five months postopera¬ 
tively. Oxygen content, oxygen capacity, oxygen saturation, and carbon di¬ 
oxide content Avere measured by the Van Slyke manometrie technique. These 
values are not entirely comparable as the patient Avas supine and sedated 
Avhen the initial blood Avas obtained. At the time the patient Avas last studied, 
the response to exercise and inhalation of 100 per cent oxygen Avas deter¬ 
mined. Exercise consisted of stepping up and down on a nine-inch step once 
every tAvo seconds for three minutes. 

The distribution of the inspired breath and volume of dead space Avas 
determined five months after operation by the single breath nitrogen Avashout 
test.®® 


Results .—The spirometric studies shoAved a striking lack of variation 
(Pig. 3). The change in vital capacity and MBC is Avithin the error of the 
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method. This observed invariance of vital capacity was seen although x-ray 
examination showed obvious redistribution of air within the chest, as did 
bronchospirometry. Integrated roentgenographic volumes were consistent 
ivith these findings. After operation, the rigiit lung decreased in volume by 
800 ml. which is of the same order of magnitude as the 600 to 900 ml. volume 
present in the left lung at bronchospirometry. 

The vital capacity was below its predicted normal in spite of near normal 
values for TVC and JIBC. The resting expiratory level was moderately ele¬ 
vated and has shown no change. 
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Flff, 8 —Data obtained at bronchospirometry seven weeks and five months after operation. 


The addition of the maximal midexpiratory flow (jUJIF) at the time of 
last testing falls outside the normal range. This finding is at variance with 
the one-second TVC and HIBC. 

With the patient in the supine position, bronchospirometi’y, seven wcelcs 
following operation, showed an oxygen consumption in the left lung of 21 per 
cent, a minute ventilation of 28 per cent, and a vital capacity of 19 per cent 
(Pig. 8). Each of the values was slightly increased five months after opera- 
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poiting their experience with a patient operated upon forty-six days follow- 
hig injury, Weisel and Jake'*® described differential pulmonary function 
studies three months after operation. The injured side was found to ha've 
37.3 per cent of the oxygen consumption, a tidal volume of 249 e.e., a vital 
capacity of 913 e.e., and a minute volume of 4,980 c.c. These compared with 
62.7 per cent oxygen consumption, 300 c.c. tidal volume, 1,826 e.e. vital ca¬ 
pacity, and a minute volume of 6,000 e.e. for the uninvolved lung. In a per¬ 
sonal communication, the authors state that recent studies indicate an almost 
equal division of function between the two lungs.'*® 

In an attempt to understand the altered physiology associated with tliis 
condition, available pulmonary fimction studies have been utilized. Serial 
postoperative studies are being done to evaluate the course of the patient 
from the functional standpoint in addition to the preoperative evaluation. 

Methods .—With the patient in a sitting position, subdivisions of lung vol¬ 
ume were measured by use of a 9.5 L. spirometer and expressed as volumes at 
DTPS. Minute ventilation, maximum breathing capacity (MBC), and timed 
vital capacity (TVC) were then measured. The studies were done preopera- 
tively and at seven weeks and five months postoperatively. At the time of 
the last study the maximal midexpiratory fiow (MMP) of Leuallen and 
Fowler®® was obtained. Changes in lung volumes not susceptible to such 
measures were estimated by the roentgenographic method of Cobb and his 
associates.® 

Although absence of bronchial communication to the left lung prevented 
preoperative bronchospirometry, the procedure has been done postoperatively 
mthin two days of the time of determination of total function. A Carlens 
catheter was used, with proper placement being judged by fluoroscopic po¬ 
sition of the catheter, by the absence of transference, and by the change of 
tracing upon withdrawal. No difficulty was encountered with either catheter 
passage or placement. The influence of turning the patient from the supine to 
the right or to the left lateral decubitus position was observed. An unsuccess¬ 
ful attempt was made prior to operation to estimate the distribution of blood 
in the pidmonary vascular bed by the use of angiocardiography. 

Arterial blood was obtained preoperatively and five months postopera¬ 
tively. Oxygen content, oxygen capacity, oxygen saturation, and carbon di¬ 
oxide content were measured by the Van Slyke manometrie technique. These 
values are not entirely comparable as the patient was supine and sedated 
when the initial blood was obtained. At the time the patient was last studied, 
the response to exercise and inhalation of 100 per cent oxygen was deter¬ 
mined. Exercise consisted of stepping up and down on a nine-inch step once 
every two seconds for three minutes. 

The distribution of the inspired breath and volume of dead space was 
determined five months after operation by the single breath nitrogen washout 

test.®® 

Results .—spirometric studies showed a striking lack of variation 
(Pig. 3). The change in vital capacity and jVIBO is within the error of the 
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method. This observed invariance of vital capacity was seen although x-ray 
examination showed obvious redistribution of air within the chest, as did 
bronchospirometry. Integrated roentgenographie volumes were consistent 
■with these findings. After operation, the right limg decreased in volume by 
800 ml. which is of the same order of magnitude as the 600 to 900 ml. volume 
present in the left lung at bronchospirometry. 

The vital capacity was below its predicted normal in spite of near normal 
values for TVC and MBC. The resting expiratory level was moderately ele¬ 
vated and has shown no change. 


7 veeKs SMOMrujs 




FIs. 



Uata obtained at bronchospirometry seven weeks and flvo months after operation. 


The^ addition of the maximal midexpiratory flow (MMF) at the time of 
last testing falls outside the normal range. This finding is at variance with 
the one-second TVC and MBC. 

"With the patient in the supine position, bronehospirometiy, seven weeks 
following operation, showed an oxygen consumption in the left limg of 21 per 
cent, a minute ventilation of 28 per cent, and a vital capacity of 19 per cent 
(Fig. 8). Each of the values was slightly increased five months after opera- 
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tion. When the patient was turned to a lateral deenbitns position, the de¬ 
pendent lung had an increased oxygen consumption and a slightly increased 
minute ventilation while the variation of vital capacity remained within the 
limit of error of the method (Fig. 9). An interesting shift of the resting ex¬ 
piratory level was observed, the dependent lung having a lower mid-capacity. 
Furthermore, the shift of mid-position of the two lungs was reciprocally re¬ 
lated. 

The single breath nitrogen washout test showed a “flat” alveolar plateau. 
The per cent increase for 500 ml. of expired alveolar gas was less than 1.5 per 
cent nitrogen. Dead space as determined by the method of Wilson^® was 
100 e.c. 




j 




Jjt Lojbzral J^.Jjaterat 
DecubLtcos DecaSitu^ 


Fig. 9.—Bronchospirometry at five 


the effect of body position 


on mid- 


Pr-POTiPTative blood gas studies at resting conditions showed an oxygen 
■aJatirof sis per ce^t and PCO. of 47 mm. Hg. Five months after opera- 

ion blood gas stndies revealed an O, saturation at rest “"J , ^OO 

’ • Q9 HPT cent (Fig. 10). After three mimites of inhalation of 1 
sxerotse of “"atiorrose to 97 per eent. The step test was performed 

eSuy and“’qniekly. and at no time during exereise did the patient deve op 

"e IsfSMng finding was the inability of the patient to reach eom^ 
ilie m „ inhalation of 100 per eent oxygen (Fig. 10). 

plete saturation follow . calculate the amoiuit of shunted blood, 

method of Comioe ^ cauaeity of 18.78 volumes per cent and 2 vol- 

As the patient had an ^ present following inhalation of 100 per 

roS^^eTtb:"*^-' 
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volumes per cent. If it was assumed that the mixed venous blood had a con¬ 
tent of 5 volumes per cent le.ss oxygen than did arterial blood, then the ratio 
of shunted blood flow to total blood flow was 37 per cent. A difference of 
1 volume per cent from this estimated value gave a range of shunted flow of 
33 to 42 per cent. 
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Fjff. 10.—Blood gas \alues five months postoperatlsely. 

Comment .—This case represents an extreme alteration of ventilation to 
blood flow relationship. Physiologically it is opposed to isolated pulmonary 
artery occlusion with its tendency to hypercaijnia and increased dead space 
for, in the present ease, direct measurement showed a normal dead space and 
an absence of hypercapnia. It demonstrates a low ventilation-perfusion ratio 
with the effect of a shunt and its tendency to cause anoxia. Failure to reach 
100 per cent saturation after 100 per cent oxygen was inhaled is confirmatory 
evidence .supporting the shuntlike effect. The absence of hypercapnia is 
against general hypoventilation as the cause of anoxia; the failure of satura¬ 
tion to fall with exercise is against a diffusioual defect; and the normal single 
breath nitrogen washout test rules against uneven distribution of the inspired 
breath. 

It was not possible to localize the shunt by available piiysiologic methods, 
thus the factors responsible for its development and persistence are not 
known. However, it appears that several abnormalities resulting from bron¬ 
chial occlusion may have altered pulmonaxy circulation. As air volume on the 
left side decreased, negative intrathoraeie pressure increased resulting in 
overdistention of the right lung. The net effect of this altered pressure rela¬ 
tionship may have been to produce a shunt within the pulmonary vascular 
bed of one or both lungs. Mucus secreting glands, distal to the fracture sitC) 
continued to function so that air-containing spaces became fluid-filled spaces.’ 
The magnitude of this pressure and its influence on circulation is 
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Another important factor may have been development on the left of a closed 
space filled with fluid which limited volume change to the gas-filled right lung. 
As exposure to inspired aii' was lost, the left lung developed a lower oxygen 
tension which has been shown to decrease blood flow acutely. However, its 
effect over a period of years is not clear. Finally, changes in bronchial artery 
circulation may have occurred, although inspection of these structures at the 
time of surgery revealed no abnormality. 

When ventilation of the left lung was re-established, a shunt was present. 
It is possible that this shunt exists in the right liuig, having developed during 
the long period of increased blood flow through that lung. However, it is 
more reasonable to assume it is on the left side, either because of localized 
thickening of the alveoloeapillary membrane of sufficient degree to produce 
a shunt or because there is blood flow to areas as yet not ventilated. 

An interesting observation is the shift of mid-position demonstrated at 
bronehospirometry. This probably represents a compliance change occasioned 
by change of vascular volume. Whether or not the vascular volumes are 
more labile than normal is not known. 

The decrease of vital capacity would lead to a classification of the ventila¬ 
tion defect as a restrictive one. Curiously enough, the same ventilatory defect 
persists despite obvioits redistribution of gas volumes within the chest cage, 
and points out the inadequacy of spirometry to give information about the 
distribution of the inspired breath. 

The concepts defined by Otis and his associates^® may be used to describe 
the mechanical changes in this ease. The spirogram shows a high mid-position 
probably resulting from increased lung compliance. This change could result 
from an increase of compliance of one or both lungs. It could also result from 
a compliance increase on the right side which is greater than a decrease of 
compliance on the left. It should be remembered, hoAvever, that there is e^d- 
dence for an increased "steady” compliance only, with the effective com¬ 
pliance unmeasured. Theoretically, the right lung which has been overdis¬ 
tended should be more compliant and the left lung, which has been in an ex¬ 
tremely small volume for a prolonged period, less compliant. If this variation 
of compliance exists, a variation of tffne constant between the two lungs may 
be present resulting in a back-and-forth (“pendelluft”) movement of air be- 
tAveen the two lungs Avith uneven pressures applied to the circulation of each 
lung. 

The abnormal ilMF may represent a slight increase of resistance to air- 
floAV at the site of anastomosis. HoAA^eA-er, it seems more likely that the increase 
of compliance Avith its increase of aiiuvay resistance is more likely to be 
present under test conditions. 

One of the most important questions remaining to be ansAvered is Avhether 
the increase in oxygen consumption of the left lung, occurring during the first 
five months after operation, Avill continue until a normal level is reached. 
Observation of the patient over a long period of time, Avith determination of 
pulmonary function at inten^als of sLx months, is planned in order to demon¬ 
strate further the pattern of recovery of lung function. 
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Discussrox 

DR JAilES D, HARDY, Jnclv«!on, jMiss —Wo t\oiiI like to present a -Jimildr c 
which we had about eight months ago 

(Slide) This •nas a 10^cn^ol(l girl who Tins in i i wreck, sustaining ftacturt>. 
the left femur, right radius, and both first ribs, plus Iks I injuries She had a kft pr -^n no 
thora\ at tlie time of lIlJur^ and n closed dtainnge tuln a*) put in b\ the lorrl lai , 

it -was withdra^Mi three dais later and although no tviansion of the lanj, od iru 1 >ht 
had no further respiraton SMnptonis This shows tin host film taken at the tii t ef ai' 
mission to the Unl\erslt^ Hospital Note the absent, of aeration on the lelt sid 

(Slide) We bronchoscoped the patient and f> ml apparent occlusion if tie loft 
mam stem bronchus approximntelj 3 cm from the cniina, and broncliogram e Tiirrit ( this 
impression I might saj that, on the basis of the histon and other fmbngv he possi 
bility of complete traumatic separation of the left mam stem bronchus was Mggosted In 
Dr Watts R Webb of our department 

(Slide) Tlie left heniithorax was explored with the aid of a do if le lumen mtra 
tracheal tube Note the pulmonary artcr\, the inferior lein, and in the center rhe distal 
end of the separated bronchus, with collapsed lung Ye attacked the distal end first, 
snipped off the occluding scar tissue, got a gooil lumen, and then tiuncl it down to the 
proximal bronchus which was just adjacent to and behind the aorta Ye made no at 
tempt, and no attempt was necessarj, to mobilize the aorta 

Y'e took, a sterile tube and brought it o\ei the ancstlietist's shield and inflated the 
distal bronchus The lung inflated loadih after the relatueli cUar greenish mucus had 
been aspirated from the bronchus Y^e used No 4 0 interrupted silk sutures tied mside 
the bronchus 

(Slide) This shows the patient approximateh seien da>« following operation A1 
though there was fair expansion of the lung immediatelv following operation, this im 
proved dailj Moreover, it required several dijs for the lung field to clear, prosumablj 
of retained secretions 

(Slide) This shows the patient ten dajs following operation 

dr DONALD L PAULSON, Dallas, Texas-Dr Mahnffej has demonstrated verj 
well the feasibilit) of restoration of function in an atelectatic lung eleven vears after 
healing of a traumatic rupture bv complete occlusion In our paper on the subject several 
vears ago, we emphasized the fact that all the evidence, clinical and experimental, at that 
time indicate 1 that these atelectatic lungs secondarv to traumatic bronchial rupture, pro 
vided complete occlusion had occurred, could be rcexpmded if bronchial contmuitj was 
restored 

(Slule) This Illustrates a ease six -neeks after injiin The tear has healed bj com 
pleto oeclusiou and continuitr ii as restored bi means of a dermal graft 

(Slide) This IS a similar case six wek, later Here, as in Dr Mahallei’s case, 
pneumothorax ivas not evident at the time ol the origiaal iiijun The ends of the severed 
bronchus were excised and an end to end aiiastoiiiosia vras performed 

The problem of acute bronchial rupture of course is divided into acute and chronic 
phases; the acute phase is far different from the chronic phase, the diagnosis must be 
made in manj instances verv quicklv , earlv, if the patient is to survive 

(Slide) This Illustrates such a patient vnth a tension pueiiniothorux and mediaslinal 
cmphjsenia and subcutaneous emphvscnia, viitli a large leak of air through the tubes in 
the pleural space, m spite of a tracheostomv The illustration on the right is following 
repair of the bronchus 

(Slide) Tins IS an illustration of the tear encountered at the time of operation Tho 
diagnosis in these cases jnnv be suspected on the basis of a tension piieiii.iolhornx with 
mediastinal emphvsema frequentlv in the absence of rib fractures, and ninv lie well 
demonstrated bronchoscopicallj One should be prepared for immediate thoracotomv in 
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such a case, immediately following bronchoscopic examination. This bronchus rvas re¬ 
paired at that time and the patient .survived. It is doubtful that such a patient could go 
on to the chronic phase. 

(Slide) This is simply another illustration of a torn bronchus involving the left 
lower lobe bronchus, as an acute problem. 


DE. LYMAN A. BREWER, III, Los Angeles, Calif.—We have all enjoyed this ex¬ 
cellent presentation of an extremely well-treated case. These conditions are being re¬ 
corded with increasing frequencj', yet no one’s experience vdth them is very great today. 
In Los Angeles, we have treated 3 such cases; 2 were long standing, eight and ten years 
after injury, while the third was of short duration, six weeks after injury. Contrary to 
the experience of the authors, we were unable to re-expand the lungs on the affected sides 
in the two long-standing cases. This was due to fibrosis and cystic changes in the lung, 
which made the lung nonexpansile even though it was possible to restore the airway ade¬ 
quately. Subsequent pathologic examinations on these lungs were similar to chronic 
fibro.sis, C3’Stic change, bronchiectasis, such as one sees in chronic obstruction of the 
bronchus from other causes. 

I think this poses an extremely interesting problem. Why did our long-standing 
cases show these chronic inflammatorj' changes and whj-, in the case reported today and 
some in the literature, was the pulmonain' tissue relativelj- uninvolved? The basic factors 
are worth our consideration. We derived the impression that sccondarj' infection in the 
lung probablj' was one of the most important basic reasons although one might consider 
extensive intrapulmonarv hemorrhage, previous disease or impairment of the blood suppl.r 
of the lung as other factors. But it seemed, in reviewing our cases, that infection was 
the primarj' factor. In the patient of six weeks’ duration, pulmonary infection was con¬ 
trolled with antibiotics and we were able to repair the bronchus successfullj' and get an 
adequate expansion of the lung, while in our cases of long-standing complete traumatic 
rupture of the bronchus, no antibiotics had been used. Therefore, in the management of 
acute rupture of the bronchus if immediate surgery is not available, control of infection 
is probablj' one of the most important factors in addition to the other measures funda¬ 
mental to the management of trauma. 


DR. VICTOR H. KAUNITZ, Buffalo, N. Y.—Dr. Mahaffey and his group have shown 
a very excellent result in a well-studied case. I would like to present brieflj’ a similar 
experience in which the outcome was not so fortunate, although the patient is fine now. 

A 19-j'ear-old girl, the driver of an automobile in a severe accident, sustained bi¬ 
lateral upper anterior rib fractures and bilateral pneumothorax. (Slide) This was treated 
within twenty-four hours bj- bilateral catheter drainage and both lungs re-expanded 
promptlj'. 

(Slide) However, over the next few da.vs there was progres.sivc opacification of the 
left chest. The initial drainage from the left catheter had been bloodj- and we assumed 
we were dealing with a traumatic left hemothorax, but the patient ended up with com¬ 
plete opacification of the left chest. 

The patient at this time was completely well, afebrile, and had been on continuous 
large doses of antibiotics. One month later she was transferred to our hospital in Buffalo 
from the rural hospital to which she had been admitted, for planned decortication. How¬ 
ever, preliminary bronchoscopy showed complete obliteration of the left main bronchus 
at the level of the carina. We passed a small bougie through this, which I would not 
recommend, and then performed a bronchogram, passing a small catheter through this 

obliterated portion. 

(Slide) Much to our surprise, the catheter was found to lie in the mediastinum ami 
there was Lipiodol in the right pleural cavity. We also pro.liiced a veiy 
pneumothorax. The patient, however, had no difficulty from this and a few days later iie 
went ahead with the planned left thoracotomy. After prolonged dissecting we were un- 
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gentle poMtne pressure expd ntn gas through it Uhere A\as considernble suppuration 
m the distal left luuin bronchus, ind the onl\ recourse iins to ptrtorui a left pneuinonec 
toni\, uhich Tins done The iiatitnt liad in uncNcntfnl postoperitixo course and noi\, 
three lears later, is quite uell 

OR XHEOOORE E HUDSON, Chicago, 111—1 -woulfl like to saj that Or Mahaffej's 
recital is a tnliute not onh to the surgeon's skill but also to the staging power of the 
lung concerned 

('^lide) In spite of the fact that Or Atahaffe;^ 's patient and another one mentioned 
here toda\ did not liave a pneumothorax, I suggest that this proldeiu of ruptured bronchus 
IS pnmanh one of tension pneumothorax The girl wlioso chest x rai ^Oll seen in the 
slide uas i^e^e^el^ injured in a steering wheel accident and, as ^ou see, has practicalh 
complete collapse of the right lung with se\cre subcutaneous einph\sema The needle aou 
see m the lower part of the chest was put in b% a surgical resident, in the wrong place 
obviously, but nevertheless I am convinetd that it was lifesaving This girl was operated 
on a few lioiirs after the inpirv with a diagnosis of ruptured bronchus and at operation 
she was found to have the right pnmarv bronchus completeh avuhed from the trachea 
at the canna with loss ot one complete ring of the pnmarv btonchiis The bronchus was 
anastomosed to the trachea bv simple suture as has been described in the cases discussed 
previouslv 

(Slide) This shows her condition now with a fulh expanded and well functioning 
lung I would suggest that as i group we could afford to be a httle more aggressive when 
it comes to dealing vuth tension pneuniotlioiax, particularlv following chest injurv, and 
especiallj if subcutaneous or mediastinal eniphvsoma can be demonstrated In this wav 
we will not onh save lives but will be spared the much more difRcult surgical problems 
similar to the one presented in Di Mahaflcv ’» ver\ excellent paper 

DK EICHARD JI PEITRS, Chapel Hill, N C—I will address mv remarks to the 
problem of the shunt in these cases have done some work on atelectasis in tins re 

gard There is a marked docieasc in blood flow to the lung following atelectasis This 
decrease in flow is not due, apparenth, to the explanation which Dr Liebow and his 
group have put forward nnmeh, an hvpertrophr of the bronchial arterial Pvstem causing 
hack pressure and preventing a slunit, because if there is no infection in these lungs there 
IS no hvpertrophv of the bronchial arterial svstem. Ihis lias been shown in a number of 
dogs and I would like to suggest that this might answer Dr Brewer's problem of how to 
determine vi hethor one of the'*e lungs is s,igiiificantlv damaged bv infection If there is 
an hjpertrophj of tht bronchial arterial svstem which is seen in bronchiectasis, tuber 
eulosis, etc it mav be 111 elv that there lias been considerable damage from infection in 
the lung If the bronchial arterial s\«;teiii, after dissecting the hroncluis out, is normal, 
I think one can asMune that there probablj has been verv little infection in the lung 

The shunts which v ou sec here I am sure are m the range of flows seen during 
atelectasis m experimental inimals and in human lieings It amounts to from 20 to 30 
per cent of the cardiac output 

DR Dr AMTT C DALGH.'1R\, Aliami, Fla^—^The patient, presented in our case last 
vear, with fiactnre of the trachea and the right stem bronchus is continuing to do well, 
and I arise at this tune to present a serious traumatic problem representing a little dif 
ferent tvpe bronchial interruption lo m\ knowledge this is the second case of traumatic 
torsion of the lung to he presented and is the onl^ one in which the patient survived 
surgerv The immediate and subsequent course was confusing but most interesting 

V 7 vear old girl was admitted to the hospital following a crushing injury to the left 
lower chest She sustained a fracture of the left femur, several nb fractuies on the left, 
an I a rujiturcd spleen A '•plenectomv was performed The initial x rav of the thorax 
showed some apinrent congestion or earh atelectatic changes in the left upper lobe Tlie 
\ ra^ cliangps m a lew hours pro,,re«spl to complete opicifiention of the left lung fleld nssoci 
ated with absence of breath sounK There was no hemoptvsis and no blood could be as 
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Trhite blood count, and malaise 
n-Tir «pera.ted upon with a preoperative 
, SA# was found to have a ISO degree 
Ttri. gangrene of all the Inns except the 
■vt s-n-tierT that the viable superior segment in 
The other segment'^ of the lung were 


’ .■'-..’.i.ii-.r pattern in the left lung radiating upward and 
^ r. s.^ you see on the opposite side. This is the diagnostic 
; "t. b'ai; u-' t*’. the diagnosis in its early reversitde stage. The 
- • p.ti t'hati-'n of the left iting within a pe-rir.I of eight or ten 
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the pahtnt returned 'with a completelj atelectatic right lung resulting from a -stricture 
at the site of the bronchus repair Re exploration ro\enled the lesion to be such that re 
construction of the bronchus was not feasible 

The fourth patient suffered injuries in a traetoi accident, ivhich crushed hei chest 
and also caused fracture of the left cla\icle We saw the patient six months after the 
injury and on physical examination and further incestigntion it became obcious that there 
was a transection of the left main stem bronchus Tlie anatomic situation and the repair 
m this patient was verj similar to the one shonn bj Dr Jfahaffej The slides demon 
strato the lesion prior to and after repair of the left main bronchus The bronchograms 
outline the area of reconstruction of the left mam bronchus \er> well The patient at 
the present time is perfectly well •unth a normallj funcljoning left lung 

These tjpes of injuries seem to be on the increa'se nou, manj of them are the result 
of crushing chest injuries suffered by drivers of automobiles—steering wheel injuries 

DR PAUL C SAMSON, Lafajette, Calif—I have listened to tins presentation with 
great interest and appreciate the essayist's reference to the case briefly reported before 
this Association two years ago bv Byron Evans I believe it will be of interest to bring 
vou up to date This patient is unique on three counts His successful bronchial anasto 
mosis was performed fifteen vears following the bronchial transection, which is the longest 
period knovin to us Second, the iiijurv occurred at one year of age and the repair at 
age 16 This gave us an opportunity to observe an "infant" lung in an adolescent, since 
apparentlv there was little or no gron'th of the lung wliile it v\ns functionless Third, 
this operation was performed nearly three years ago and it is, therefore, one of the early 
group of successful repairs for tins type of injurr 

At present this young man has no objective symptoms of pulmonary dysfunction 
Ho engages in all types of athletics without difficulty There has been progressive im 
provement in timed vital capacity and in maximum breathing capacity os follows VC 
(1954), 1,925 cc, (1955) 2,300 ce, (1956) 3,650 cc MBO (1954), 72 L per minute, 
(1955) 90 L per minute, (1056) 134 L per minute N rays show the right lung to remain 
small, but there has been no relative change m the volumes of the right and left lung over 
the past three years The right diaphragm is still elevated and paradoxical The broncho 
grams show good segmental filling without atelectasis or bronchiectasis The ventilatorv 
capacity of the right lung is over one half that of the left However, the oxygen con 
sumption is less efficient and is only one fifth that of the loft lung 

I believe it is fair to assume tliat there must be some hyperplasia of the lung in 
response to the stimulus of use but, of course, there iS no laboratory proof of this In 
any event, the patient has benefited greatly from lus operation and there seems to be no 
question of the validity of the concepts that with complete traumatic transection, in 
fection will not supervene, and that successful repair with a resultant usable lung may be 
performed raanv years after injury 

DR OSCAR CREECH, JR, Houston, Texas (Closing)—^^^e wish to thank the dis 
cussants for their remarks, and would like to emphasize that the two important features 
of this case are, one the fact that although the left lung was re expanded, there was no 
alteration in vital capaeitv, there was simplv redistribution of inspired air Second, and 
more important, the failure of the patient to reach complete saturation of the arterial 
blood following breathing 100 per cent oxygen indicated a shunt of pulmonary blood 
flow of about 35 per cent This has showm a tendency to decrc'i'se with time and wo feel 
that this test will provide the best erxtenon of recovorv of lung function 
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A LTPIOUGH the pathologic anatomy of congenital atresia of the esophagus 
with tracheoesophageal fistula was known to pathologists as a rare and 
fatal curiosity for over two centuries,^ clinicians did not become interested in 
making the diagnosis imtil thirty years ago, and development of efeective 
treatment by surgeons occurred only in the last decade.' The embryology, etiology, 
and incidence of the anomaly and its relationship to accidents of gestation and 
association with other anomalies are still uncertain. "With a few notable ex¬ 
ceptions, most of the increasingly numerous papers on the subject are con¬ 
cerned largely with reports of isolated cases, with various techniques of 
surgical management, or with series collected from such reports. It has 
seemed desirable, therefore, to collect and to summarize the record in a single 
center where a considerable experience has accumulated. 

This report deals with 136 eases of congenital esophageal atresia with 
and without fistula seen at Babies Hospital or born in Sloane Hospital, both 
now units in the Columbia-Presbyterian Medical Center in New York, in 
the half century between 1903 and 1953. The majority of the patients have 
been seen, and most of these personally cared for by the authors, 27 having 
been previously reported.^ The present series includes 101 patients who were 
operated upon, 32 of whom survNed operation and 29 of whom were living 
and well at the time of this review. 

EARLY DIAGNOSIS AND TREATMENT 

The evolution of diagnosis and treatment in the group here reported is 
representative of the general experience with this anomaly. In the first 4 
cases seen, in 2 of which attempts to pass a catheter into the stomach failed, 
attention was directed primarily to the esophageal atresia, though a note was 
made in one that “regurgitation of formula through the nose is suggestive of 
the presence of fistula.” All were treated by gastrostomy only, and died of 
sepsis and pneumonia. Because of these discouraging results, the next 6 pa¬ 
tients were not operated upon, and all died of pneumonia in the first week of 
life. This was the total experience in the first twenty years of the half cen¬ 
tury. 

In 1923 diagnosis by x-ray was first carried out. The first x-ray was re¬ 
ported as demonstrating “congenital atelectasis.” Following autopsy dem- 
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onstration of the true nature of this unoperated infant’s anomaly, a second 
case in the same year was diagnosed by contrast medium and an attempt was 
made to correct it surgically. In this procedure, Dr. Bolling not only per¬ 
formed a gastrostomy but also ligated tlie esophagus intraperitoneally. The 
ligature cut through and the infant died of peritonitis. 

There followed a period in which x-ray diagnosis became increa.singly 
accurate, but surgery was attempted only when no fistula was recognized. Of 
the next 12 patients, 9 were diagnosed during life and 3 were treated by 
gastrostomy, all dying of aspiration shortly thereafter. 

In 1941, Dr. E. J. Donovan performed transpleural ligation of the lower 
esophageal segment and gastrostomy on 2 infants. In both, death followed 
cutting through of the ligatures. In the same year, Drs. "W. 6. Heeks and 
Hogg attempted a direct end-to-end anastomosis of the esophagus through a 
right retropleural approach, after dividing and ligating the fistula. Unfor¬ 
tunately, this operation, now the procedure of choice, failed through break¬ 
down of the anastomosis, as did two subsequent ones performed the same year. 
One of these babies survived for two weeks, however, and gave encourage¬ 
ment to the concept that this condition might not necessarily bo hopeless, al¬ 
though no survivor had yet been reported. 

In the following year, 1942, an infant surrivod following division and 
closure of the fistula, cervical esophagostomy, and subsequent gastrostomy 
as described by Humphreys.” This procedure, essentially similar to success¬ 
ful operations previously performed by Leven” and Ladd,^ was carried out 
in 4 more oases the same year, with 3 survivors of the 5. The fii'st patient 
is now living and well, swallowing normally through a .subsequently recon¬ 
structed esophagus, but the other 2 ultimately died of later complications. 

In 1943, the first successful case of direct anastomosis in this series was 
performed shortly after a survivor of this procedure was reported by Haight 
and Towsley.” Since that time a direct anastomosis has been done whenever 
possible, cervical stoma and ligation being done only eight times in the 
seventy-nine operations performed in the next ten years. 

Over the course of the early years of recognition of the anomaly and the 
attempts to correct it, it is interesting to note how eases tend to appear in 
groups. Recognition of one ease apparently stimulated awareness of the con¬ 
dition, with the result that other cases were recognized within short periods 
of time, after which the characteristic .symptoms appear to have been for¬ 
gotten and eases perhaps missed for a time until another one was recognized. 
This phenomenon is apparent even in later years. In our own institution, 
cases occasionally are discovered at autopsy which were not recognized clin¬ 
ically. This emphasizes the importance of alertness to the possible presence of 
this defect and its characteristic symptoms in making the prompt diagnosis 
on which effective treatment depends. 

CIJNICAL DATA 

The occurrence of this anomaly as seen at the Babies and Sloane Hospi¬ 
tals over this 50-ycar period is shown by 5-j'ear periods in Table I. AVith 
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Table I. Babies and Sloane Hospitals, Total Cases—1903 Through 1952 

NUMBER 


1903-07 

1 

1908-12 

2 

1913-17 

4 

1918-22 

o 

1923-27 

8 

1928-32 

9 

1933-37 

7 

1938-42 

14 

1943-47 

37 

1948-52 

52 

Total 

136 


recognition at the beginning of the last decade that successful operative treat¬ 
ment was possible,there is a rapid increase in numbers seen. The conclu¬ 
sion seems inescapable that the defect is not as infrequent as the earlier ex¬ 
perience implies, but that it either was unrecognized, or that little effort was 
made to treat it in the earlier period because of the apparent hopelessness of 
the situation. It is probable that the incidence has not changed, being about 
one in 3,000 births in the group from the Sloane Hospital included in this 
series, but in the past the anomaly was often overlooked and death ascribed 
to neonatal asphyxia, atelectasis, or aspiration pneumonia. 

Increased awareness of the condition, as evidenced by an increasingly 
early age at the time of admission to the ho.spital is shown in Table II, which 


Table II. Babies Hospital Cases 1903-52 

(STILLBOR.N, NEONATAL, AND AUTOPSY DIAGNOSED EXCLUDED) 



NUMBER 
or CASES 

AGE 

ADMITTED 

AGE 

DIAGNOSED 

NUMBER 
OPERATED 
UPON 1 

NUMBER OP 

1 SURVIVORS 1 

1 PER CENT 

OF SUR- 
' VIVORS 

1903-21 

9 

5.5 

? 

4 

0 


1922-31 

11 

4.7 

3.2 

3 

0 


1932-41 

10 

2.8 

2.9 

6 

1 


1942-43 

12 

4.3 

3.5 

11 

5 

45 

1944-45 

14 

4.0 

4.1 

13 

1 

8 

1946-47 

16 

3.2 

2.9 

16 

4 

25 

1948-49 

19 

2.7 

2.5 

18 

7 

39 

1950-51 

18 

2.1 

2.1 

18 

7 

39 

1952 

12 

2.0 

2.0 

12 

8 

66 

Total 

121 

3.6 

3.3 

101 

33 



also shows an increasingly early age at which the diagnosis was made, es¬ 
pecially in recent years. In general, delay in diagnosis and admission for 
treatment in the earlier group resulted in the children’s being in less good 
condition due to dehydration and aspiration pneumonia, with correspondingly 
lower admission weights and higher mortality. The burden of early recogni¬ 
tion falls largely on the obstetrician, the pediatrician, and the nursing per¬ 
sonnel of the newborn nursery. If they are suspicious in regard to any child 
who has excess mucus, episodes of cyanosis, and who does not properly take 
fluid in the newborn period, more of these cases will be recognized earlier than 
at present, before a great deal of aspiration has occurred. There is no real 
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substitute for awareness and careful, accurate observation. In many of the 
infants in this series, the nurses’ notes had the diagnosis in them, whereas the 
medical histories did not. 

Neither the clinical history, nor the phj'sical findings have changed since 
the often quoted classical description given by Gibson’ in 1703. Yet, in some 
of the old charts in this series before the defect was well known, many er¬ 
roneous speculations were indulged in as to the nature of the anomaly. An 
important clinical observation is that the regurgitation or vomiting or cough¬ 
ing, as it might be more accurately described, of bile in these eases should not 
lead one astray and bring the question of intestinal obstruction too strongly 
to the fore. A numher of these cases did reveal this type of history. In a few 
it was a reflection of intestinal obstruction at some other point in the gastro¬ 
intestinal tract, but in most this was not so. One of the latter cases actually 
had been operated on at another hospital for intestinal obstruction prior to 
admission to Babies Hospital. 

Although the diagnosis may frequently be made on history alone, physical 
signs and x-ray examination are usually nccessarj' to confirm it. Almost all 
show signs of atelectasis or aspiration pneumonia, characteristically in the 
right upper lobe. Obstruction to the passage of a catheter through the 
esophagus, especially demonstration of its turning back upward into the 
pharynx on x-ray or fluoroscopy, may be sufficient and was often used in the 
earlier cases. Later, x-ray demonstration of the anomaly following a swallow 
of barium was frequently used. Although this delineates the lesion well, by 
1941 it was realized that aspiration of barium into the lungs frequently re¬ 
sulted, and instillation of a few drops of radio-opaque oil with prompt aspira¬ 
tion after obtaining roentgenograms was substituted. This is useful in dem¬ 
onstrating the size and level of the upper pouch and often demonstrates also 
the presence and site of the fistula. 

The presence of air in the gastrointestinal tract is clear-cut evidence of 
the presence of fistula between the tracheobronchial tree and the lower seg¬ 
ment. Its absence, however, though suggestive, is not a sure sign of the ab¬ 
sence of such a fistula. In one instance, lack of air in the stomach at two 
days, and in another at seven, led in the early period to this erroneous as¬ 
sumption. In each ease, gastrostomy without closure of the fistula resulted 
in fatal aspiration of formula. Occasionally the lower esophageal segment 
may be demonstrated on lateral roentgenogram by the pi’esence of air in it. 
Fistulas between the upper pouch and the trachea are xjsually impossible to 
demonstrate except by operative dissection. 

KMBRVOLOOT 

The tj^pe of anomaly in this scries follows closely the experience of others, 
122, or 90 per cent, being the 3b type of Vogt.® In this, the esophagus ends in 
a blind pouch high in the posterior mediastinum, and the lower segment 
originates in a fistula from the membranous portion of the trachea, the Carina, 
or one of the primary bronchi. All but two of the recoveries fall in this 
group. 
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There were three instances of double fistula, in tAvo of these the upper 
fistula was pharjnigotraeheal, entering the trachea just heloAv the larynx. In 
another, there AA^as an atresia AAdth fistula and no loAver esophagus. There Avas 
one stenosis of the esophagus Arith no fistula, and 8 eases of atresia Avith no 
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fistula, one with no lower esophageal segment, and the others with the lower 
segment present in varying lengtiis from one to several centimeters. In one 
of these cases, the lower esophagus consisted of multiple cysts joined by fibro- 
miisoular bands to one another and joining the trachea in the usual position 
just above the Carina. In another case, the proximal point of atresia lay at 
the level of the eighth thoi-aeie vertebra and extended distally for 1.5 cm. as a 
fibromuseular baud, where the esophagus again became patent and normal 
in size. Puially, there was one case of fistula without stenosis (Pig. 1). 

The etiology and the abnormal embryology of this defect have been the 
subject of considerable discussion. It seems probable that an incomplete 
cleavage between trachea and esophagus, together with the failure of re- 
eanalization of the esophagus, will explain all of the tj^ies of the anomaly. 
Complete transection without a discernible trace of connection to the trachea 
or lower esophagus has been seen occasionally in these cases, as is also seen 
in atresias of the small bowel, but the more usual finding is a persisting fibrous 
or fibromuseular band or multiple cysts making connection with the distal 
portion of the esophagus. 


ASSOCIATED ANOJIALIES 

Of the total group of 13G patients, 75 are known to have had other con¬ 
genital malformations. Among the 101 who died, 93 were examined at 
autopsy and 61 of these showed other anomalies; of the remaining 11 who 
were not autopsied, 5 showed gross associated anomalies. Thus, two-thirds 
of the infants who died were handicapped by other malformations. In con¬ 
trast, among the 33 survivors only 9, or less than one-third, showed other 
anomalies and only one of these, a tetralogy of Fallot, was of sufGeient se¬ 
verity to result fatally at an older age. The remainder are for the most part 
of minor nature such as hernia or hemivertebra. 

FACTORS INFLirENClNG SUIIVIVAL 

Prematurity or low birth weight is a factor which adds to the risk of any 
surgeiy in the neonatal period. It is interesting to determine how those re¬ 
lated factors have influenced the rcsidts in this series. Of the entire group 
27 were listed as premature, 34 as full tei-m, and in the remaining 75, the 
relation of the birth to expected term was not stated or not clear to the par¬ 
ents. The stated maturity, therefore, is of little help in relation to survival. 
More significant in relation to maturit 3 ’' is the birth weight. Of the entire 
group, birth weight was recorded in 125. The distribution among these in 
500-gram groups is shown in Fig. 2, which also shows the corresponding 
weights among those which were born dead or died in the first daj’ of life, 
in contrast to those who survived. As might be e.xpected, deaths at or within 
twenty-four hours of birth were highest in the small and presnmablj- pre¬ 
mature babies, whereas the largest number (68 per cent) of suiwivors fall in 
the weight range from 2,500 to 3,000 grams. This is also the peak of birth 
weight range for the entire group and falls into the slightly premature or 
small full-term range. Although no child under 1,800 grams >Iv '' is 
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to note ihiii three defmitely premaku-c infants of 1,800, 3,838 and 
3,900 grams did snrvivo operation and arc now well. Tims, it appears that 
])reniatiirity as judged by weight, though a determining factor at tlic lower 
oxirenic ol si;^e, does not preclude survivul. 

It is generally agreed that delay in malcing the diagnosis adds to mortal¬ 
ity, largely because of the inevitable onset of aspii-ation pneumonia, especially 
if attempts are made to feed the bab 3 ^ In the infants who survived more 
than one day but were not operated upon, the average age at death was 6.7 
days, the longest survival being 38 days. Of the operated group, the average 
age at operation in the survivors ivas under 4 days, as contrasted with over 
4 in those who did not sui’vive. This is questionably a significant difference. 



BIRTH WEIGHT in GRAMS 

Fig". 2.—nirth weight dlstrlhutlon. Chart to show froouency hy birth weight in .500-grani 
rroups, of total group, the neonatal or .stillborn group, and the group of survivors. The peak 
n total number and in survivor percentage falls in the 2,600- to 3,000-gram range. Below 
,500 grams, there arc no survivors and the majority die at blrtli or within twenty-four hours. 


Cn recent years, however, with earlier recognition, some delay has been de¬ 
liberately introduced in preparing the baby for surgery so the group.s are not 
itrictly comparable. It remains our impression that mortality is less if the 
iperation is done as soon as possible after birth. 

The preoperative care of these patients is important. On admission and 
if ter diagnostic procedures have been completed, the child is placed on 
Tothing by mouth, put in an incubator with the temperature controlled and 
additional moist oxygen, and continuous nursing care is provided. The 
pharynx is suctioned every one-half hour with a small soft rubber catheter, 
the head of the incubator platform is slightly depressed, and blood to the 
amount of 15 to 20 e.c. per pound of body weight is made ready to go to the 
jperating room Infants who are jaixndiced receive vitamin K preopera tively. 
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and hydration is achieved by the nsc of a polyethylene intravenons catheter 
mth a continuous drip of 5 per cent dextrose. Since these children are easily 
overhydrated, fluids in general do not exceed 75 c.o. per kilogram per day, of 
which only 75 c.c. or less is saline solution, the remainder being 5 per cent 
dextrose. It is no longer felt that operation should be done immediately as an 
emei'gency. Sufficient time, up to twenty-four hours, should be taken to re¬ 
store hydration, give antibiotics, and restore pulmonary aeration by careful 
frequent aspiration. This iviU usually result in the infants’ being better able 
to withstand operation than if operated on immediately after admission to 
the hospital. 

The operative procedure has changed over the years. In the early group, 
gastrostomy only, -with open drop ether, was uniformly fatal. Gastrostomy 
as a primary procedure is now reserved for the rare ease at which there is 
reasonable certainty that a fistula docs not exist. In the past ten years, this 
was carried out in 2 patients, one of whom survived and was found two years 
later to have a short segment of atresia. Successful resection of this segment 
and end-to-end anastomosis was then done. The other patient, who had no 
lower esophageal segment, succumbed to pneumonia thirty-two days after 
gastrostomy and thoracic exploration. The first survivals in the group here 
described were treated by reti'opleural divison and closure of the fistula and 
cervical esophagostomy under local anesthesia.^ This method has the dis¬ 
advantage of the need for feeding by gastrostomy for a long period and even¬ 
tual reoperation to restore esophageal continuity. It is now reserved for the 
few eases in which the esophageal ends are so widely separated that they 
cannot be approximated without dangerous tension. 

Since its first successful accomplishment in 1D43, direct anastomosis has 
been the procedure of choice. If the infant is large enough, intratracheal 
anesthesia, usually cyclopropane, is used. Positive pressure with face mask 
only is preferable if the glottis does not readily admit a tube, and local an¬ 
esthesia is still used in preference to inhalation anesthesia if the infant is very 
small or if there is much accompanying pneumonia. A right retropleural ap¬ 
proach is preferred. Until 1946, a single layer anastomosis was done; since 
that time a two-layer technique as described by Haight has been used in most 
cases. In achieving a high percentage of anastomosis, even covering gaps of 
2 or 3 cm., the following points are important. Dissection of the upper pouch 
high into the neck should be extensive, and painstaking, and complete separa¬ 
tion of the pouch from the trachea, to which it is often densely adherent over 
a fairly long intenml, should be accomplished. The fistula usually is ap¬ 
proached first. It is separated from the trachea by a clean inei,sion and the 
opening in the po.sterior wall of the trachea sutured u-ith interrupted fine 
silk. This gives the anestbeti.st Ijcttcr conditions and obviates increased dis¬ 
tention of the stomach. After the muscularis has been dissected from the 
mucosal portion of the upper pouch, the latter is brought down and sutured 
at appropriate points to the opening in the lower esophagus, which can be 
enlarged to an adequate .size if necc.ssary liefore opening the mucosal pouch 
of the upper segment. After it is once anchored, then the --- 
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of the fistula, cervical esophagostomy a.nd gastrostomy. Though the first 
patient to survive is now well at 14 years of age and s^vallowing normally, 
only one other of the 5 is similarly fortunate. The other 3 died, one at 3 
months from aspiration pneumonia due to an unrecognized fistula between 
the trachea and upper segment, one at 2 years following acute gastric dila¬ 
tation, and one at 3 years of tetralogy of Fallot. The third group of sur- 
%dvors are the 26 who were treated by retropleural anastomosis. This is ob¬ 
viously the most satisfactory method of dealing with the usual type 3b 
anomaly. With an over-all survival rate of 44 per cent, it is seen in Table II 
that this rate was improved to 66 per cent survivals in the last year reported. 
The most frequent cause of death in this group is respiratory failure in the 
first forty-eight hours after operation especially in small feeble babies, or 
those with other severe malformations. Breakdown of the anastomosis with 
secondary infection due to leakage, a common fatal complication in the earlier 
period, now occurs infrcquentl 3 ^ When incomplete, recovery is possible but 
stricture often follows, requiring careful dilatation for periods up to a year 
or more. This complication may also follow anastomoses in which the lower 
segment is so small that formation of an adequate stoma is technically diffi¬ 
cult. Such patients occasionally have diffieultj’- due to lodging of solid food 
or foreign bodies in the esophagus, one of this series having been readmitted 
four times to remove pebbles, string, and food particles which caused obstruc¬ 
tion. In no instance, however, has reoperation become necessary, and with 
gi-owth a normal esophageal lumen and normal swallowing results. 


SUMMARY 

A bi’ief histoiy of the development of operative treatment for congenital 
anomalies of the esophagus at Columbia-Presbjderian Medical Center (Sloane 
and Babies Hospitals) in New York over the past one-half century is pre¬ 
sented. This history parallels the experience in other centers and has re¬ 
sulted, beginning with the first survivor in 1942, in a salvage rate, in 1952, of 
66 per cent. Factors influencing survival are seen to be the size and degree of 
prematurity of the infants; the association with other severe malformations; 
the awareness of doctors and nurses caring for newborn infants of the possi¬ 
bility of the condition and their alertness in recognizing the characteristic 
symptoms; the promptness with which patients are referred for surgery; the 
care in pre- and postoperative management; and the technical aspects of the 
operation itself. The first two factors are uncontrollable. The others leave 
room for improvement even in our own clinic. While occasional eases will 
present anomalies which'require multiple-stage procedures before swallowing 
can be restored in the majority of cases, successful end-to-end anastomosis of 
the esophagus is possible, with satisfactory restoration of normal swallowing. 
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Discussion 

DR. ROBERT B. SHAW, Dallas, Texas.—^This anomalj' has been one that has occu¬ 
pied my interest from the time I started In practice in thoracic surgery. Like the experi¬ 
ence of everyone else, at first it rvas a very dismal one, but later gave rvaj' to some opti¬ 
mism for expected recover}- if a suitable infant was presented. 

(Slide) This slide, which was prepared two years ago, shows our experience with 
this anomaly. Through the years up to 1948 there were only two survivals in 23 pa¬ 
tients, but from 1949 on, the percentage of survivals became much better. During the 
years 1952-53, we had eight survivors out of 11 patients. The crux of success in the man¬ 
agement of this anomaly is the anastomosis. Wc attempt to get an anastomosis in every 
patient and, in 56 cases of 01, an end-to-end anastomosis was accomplished. Admittedly, 
in many cases, the anastomosis was poor due to the fact that tlie segments were not of 
good length and there tended to be tension. Early leakage and late stricture formation 
are the complications resulting from poor anastomoses. 

(Slide) This patient was intorcsthg from the standpoint of multiple anomalies, in 
that the second anomalj* other than the atresia of the esophagus, was obvious on the 
first film. This child liad an atresia of the duodenum as shown by complete block at the 

second portion of the duodenum. However, this film was not available at the time of the 

first operation, since he was flown from a distant city to our city, and although five doc¬ 
tors came along, the x-rays were not brought with the patient. It soon became obvious 
that this second anomaly was present. It was also successfully repaired (by Dr. Warner 
Duckett of Dallas) on the twelfth day of life, and at the present time this child is a normal 
healthy boy of 6 j-ears of age. 

(Slide) This child is interesting because of the late periotl at which she was pre¬ 
sented for surgery, and it illustrates the point that more reports of this sort shouj 1 be m 
tlie pediatric literature. This child was 28 days old when .«he was brought to ojr cllxff 
for repair of the atresia. The physician taking care of the chili bsl advised th« parerL* 
not to do anything about it even though the diagnosis fcsd made prorrptJr afrer 

birth. Ho said if it were his own child he would do noiHrc ar-r:: it. They had 

a burial plot and decided to let the child die. However, they -iii give the child a 
dermoclysis every day or so and kept it in some decree cf lyiration althoc^’n it Ifsc r*- 
of its six pounds birth weight in tw-enty-eight days. A: ti? rime of surge.-^ az 
very easy to repair was found and, because I felt tiit 5za«tomo«is ac-rnir-^ 
the child’s situation was somewhat precarious, 1 startei tie on co-.:h — 

day following surgerj*. You can seo by this sR^e ilxz. is eigh: cays it -rer- 
to demonstrate the point of anastomosis. We r»r th:-* :o fill the 

so hungry. Sometimes even with late arrive ri rHIirer x£ is r.- 


DR. CAJ^IERON HAIGHT, ^Vnn Arr.rz: 
thoroughly that I have very little to add br: I 
on the very excellent study which ihrr lar*- ersL 
in these infants that it is difllenlt io Wc-z-e '* IV.-- 

controllable factors which have beei -empin-'hr*--: zr*- —A* 
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importantly to the results that can be obtained. We have been seeing a number of these 
infants vrith associated congenital heart disease and other anomalies, some of which in 
themselves are not compatible with life. We have come to the opinion that associated 
congenital heart disease should be treated by early operation if feasible for the reason 
that 4 of our earlier patients died as a result of their cardiac lesions. Although we have 
operated upon 4 patients with postoperative atresias for cardiac lesions, only one so far 
has been successful. 

Another noncontrollable factor, at least to the surgeon, is the amount of pneumonitis 
which may ha%’e been precipitated by the preadmission use of contrast material and its 
entry into the lung. Although most of our infants have had Lipiodol contrast studies 
before admission, we believe that Urokon is a preferable roentgenologic agent if contrast 
material is to be used, but I have doubt as to the advisability of using any contrast ma¬ 
terial at all. 

A controllable factor is the antibiotic coverage which is employed. For some years 
we have felt that the use of penicillin, streptomycin, and polymyxin B promded adequate 
antibiotic coverage; we find, however, that this is not enough and recently we have used 
a wide spectrum antibiotic in addition. With an all-inclusive type of antibiotic coverage, 
it is hoped that complications from controllable factors, such as pneumonitis and leakage 
of the anastomosis, can be avoided and that the recover}- rate wiU thereby be improved. 

DR. RALPH BERG, JR., Spokane, Wash.—I enjoyed this presentation very much 
also, and I have a patient that may be of interest. 

(Slide) This child was operated on at about IS hours of age. There was a proHmal 
pouch end at this area. There was no fistula and no distal esophagus except for a small 
nubbin about 2 mm. above the diaphragm. 

(Slide) This shows the repair accomplished by a transpleural approach with primary 
esophagogastrostomy. 

(Slide) This is the child about one year postoperatively. The chOd is now three 
years postoperative and has had a stricture dilated five times. 

Since this seemed unusual, after perusing the literature I present it at this time and 
would like to know if the authors had any similar patients in their series. I could not 
tell from the presentation. 


DR. OSLER ABBOTT, Emory University, Ga.—I .should also like to compliment this 
paper. I think certainly the name of Dr. Ladd should be mentioned whenever a discus¬ 
sion of this subject is brought up. 

There are two things I should like to mention briefly. One is with regard to the use of 
Lipiodol, as mentioned by Dr. Haight. We have been interested in the bacterial content of 
the upper stump; it has a high content in some instances of anaerobic streptococci and we 
think the potential of the material in the upper stump has not been adequately emphasized. 
We recently had an episode of a fatal lipoid pneumonia due to overflow spillage of 
Lipiodol from the upper stump. Lipiodol was overzealously and overgenerously given in 
an x-ray department elsewhere. We have been struck recently with the importance of 
aspirating the upper stump with a catheter and then distending the upper stump with air, 
so that we get our contrast without soilage of the lung and without tendency to aspiration. 
We would like to mention the importance of the so-called H-type of fistula without atresia, 
which we have seen on three occasions, recognition of which can be very much delayed, 
and which does give a vers- happy result when found. One of our 3 had multiple associ¬ 
ated anomalies; the other 2, one of which was recognized at 4 days of age, were success¬ 


ful. 

Finallv I would like to mention that we are hamng trouble with reconstruction in 
the exteriorized patients who are now in their sixth, seventh, and eighth years, and we 
wish in retrospect, that when we had brought the esophagus out into the neck, we had 
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brought it out on tho left side, which is the more normal anatomic deiiation of the upper 
esophagus and does allow a better anastomosis to the stomach or other tissue brought up 
under the sternum 

DR WILLIS J POTTS, Chicago, Ill—This fascinating subject is worthy of much 
discussion There is probably no operation which is packed with so many disappointments 
and heartaches as those on this particular gioup 

During the past ten j ears we ha\e operated on approximate!} 125 patients with 
tracheoesophageal fistula plus the usual atresia of the upper end It is our police to op 
crate on every child regardless of its condition—provided, of course, that it is still 
breathing, because there is no chance for the child witJiout surgery During the first five 
5 ears, our mortahtj varied from 40 to 70 per cent Then we made a. number of radical 
changes Now the mortality has dropped considerablj to 40 per cent in 1953, to 20 per 
cent in 1954, to 11 per cent in 1955 A few tough cases probabh will alter our good 
fortune However, we believe that some of the things that account for this improvement 
are (1) intratracheal anesthesia, which we used to think was harmful for infants 

(2) transpleural approach, which is much faster, using the extrapleural approach remain's 
so about one half the time, the rest of the time there is just a touch of the intrapleural, 

(3) an anastomosis, end to end, with two layers of No 6 0 silk suture, (4) in the post 
operative period the residents and nurses are constant!} alerted to the dangers of aspira 
tion and they all know how to aspirate these infants and keep the trachea clear, (5) the 
feeding of these children It took a long time to convince the nurses that the} had to 
feed these children with a medicine dropper If, during the early postoperative period, 
one feeds these children with a nipple, the hungr} child wall eat too fast The upper end 
of the esophagus fills because of the usual minimal or moderate stricture at the site of 
anastomosis The child regurgitates and before anything can be done ho 1ms drownel in 
his own formula It is difficult to convince the nurses and one must be after them con 
stantl} With a medicine dropper they can give only one cubic centimeter at a time and 
the tragedy of drowning and aspirating formula into the lungs will be avoided 

DR RICHARD KING, Atlanta, Gi—There is one complication I would like to men 
tion, that is, the redevelopment of a fistula after the initial procedure 

This occurred in a case of mine m September, 1955 Tho postoperative course was 
uneventful for approximately three weeks The babv at this time began to have respira 
toiy difficult} at tho time of feedings, with paroxvsms of coughing and C}anosi'< An 
esophagram was done and a fistula was demonstrated between the esophagus and trachea 
at the site of the closure of the trachea and tho anastomosis of the esophagus A right 
transpleural thoracotom} was done again, and the fistula between the trachea and the 
esophagus was located and taken down The openings in the trachea and the esophagus 
were then closed with interrupted silk sutures To prevent redevelopment of the fistula, 
a pleural graft was sutured between the esophagus and tho trachea I feel tlmt the use of 
a pleural graft is a very important part of the procedure and that it should be used in 
all eases at the initial procedure 

Drs Shaw and Paulson in their excellent article on the subject last vear mentioned 
tho use of mediastinal fascia between the trachea and esophagus to prevent development 
of a fistula 

DR GIORGE H HXJMPHRE\S, New 'iork ^ I (Closing)—I wish to thank all 
the discussants We could go on discussing this subject for a long time because there 
are so man} bad results and so many different wavs of getting them At the outset, I 
should like to assure }ou that the paper gives due emphasis to the pioneers m this field 
One thing that interested us was the fact that there were people working in various 
centers on the same subject at about the same time I believe Dr Lanman had worked 
with Dr Ladd on these babies for a number of years at Children's Hospital in Poston, 
and that Dr Ladd was disappointed to find that his first survivor was operated on gust 
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one day after Dr. Logan Leven’s survivor, because neither knew' of the work of the other. 
Our first survivor was operated on several months later by a similar technique. We also 
did not know at that time of the successful cases of either Dr. Leven or Dr. Ladd. 

Dr. Shaw and Dr. Haight both were pioneers in the field, and to Dr. Haight goes the 
credit of demonstrating that direct anastomosis is the obvious and best procedure. We 
had given it up after several failures, apparently prematurely, because we now know how 
to do it as Dr. Haight has shown us. The obstruction that Dr. Shaw showed is very in¬ 
teresting. We also had 2 cases of obstruction, one at the duodenum similar to his, and one 
hj'pertrophic pyloric stenosis. These must be watched for, especially if feedings do not 
go well. 

The antibiotic coverage which Dr. Haight emphasized is extremely important, and 
certainly the difficulties with the bacteriology and the contrast medium in the stump as 
described by Dr. Abbott are a common experience with all of us, and must be looked for. 
I think contrast material is a mistake. It is not necessar)', the stump can be demonstrated, 
the lesion can be demonstrated by a double catheter or, as he suggests, by air, and it is 
far better not to use anj- contrast medium. Unfortunately, however, we usually get the 
patients with contrast medium already in them. 

Dr. Potts has brought out the factors which implement survival, and his survival 
rate certainly depends on all of them. I would emphasize particularly, as he did, the post¬ 
operative care both in feeding and in aspirating these patients. Both the house stall and 
the nursing staff should be specially instructed, there should be special people who know 
how to handle these babies, otherwise the mortality is bound to be higher. I take issue 
with him only on the intrapleural approach, but this is a small factor and probably not 
important. 

We did not encounter recurrence of a fistula. I think perhaps the method of closure 
of the membranous portion of the trachea is a large factor in this. We were lucky in the 
first few cases in which we ligated, and now we close it very carefully with interrupted 
fine silk and have had no difficultj' on that score. 



TOREK ESOPHAGECTO]VrY 

The Gvse Agunst Segmental Resection for Esophageal Ginger 

Willum L Watson, IID , John T Goodner, MD (by invitation), 
Theodore P Miller, MD (b\ invitvtion), and George T 
Pack, JID (b\ invitation) 

Nem York, N Y 

A n INTISIATE knowledge of the anatomj of tlic esophagus is helpful in un 
derstanding the peculiai dangers and difficulties cncounteied in the 
tieatment of cancer of this oigan One icealis that the esophagus is a thin 
walled flcMhlo muscular and mucosal tube about 25 cm in length The esopha 
gus diffeis from the othei portions of the intestinal tiact in that it lacks an 
outei, seiosal coiering and this is a distinct surgical disadvantage® The 
esophagus has a scanty blood supply, but a rich network of lymphatic i essels 
m its submucosal and museulai coats which proiide a read} submucous path 
way foi the 1} mphatic dissemination of cancer 

Prom the suigieal point of Me«, it is obvious that the thoracic esophagus 
IS deep!} situated and intimately suriounded b} important and iital struo 
tines which aio often invaded eail} in the natuial course of esophageal can 
cei The esophagus is insensible to pain stimuli and when backache, sub 
sternal diseomtoit oi pain do e\ist it is almost coitain that disease has e\ 
tended thiough the esophageal wall into the mediastinal stiuctures Since 
pain IS a late S}mptom, it follows that cancer of the esophagus when fiist diag 
nosed is apt to be an advanced disease 

Piom the anatomic viewpoint, the esophagus proiides a fcitile field for 
the silent development and spread of intiinsic cancel and at the same time 
it poses serious and sometimes insui mountable obstacles in adequate suigieal 
management 

L\ MPHATIC SPREAD OF ESOPHAGEVL C VNCER 

Gancei of the eeivieal portion of the esophagus spreads eailv and with 
great legulaiity to the anterioi, superioi mediastinal ns well as the lower deep 
jugulai and piescalene l}mph nodes If the malignant giowth is located in 
the lowei tliiid of the esophagus, the dissemination is usuall} h} wa} of the 
extimsic hmphatics to the peiiesoph.igcal and peiigastiic l}mph nodts 
Mucosal and suhmntos il cvttiision downwaid into the caidia ot the stomach 
often causes some question as to whcthci the piimat} caneti nose in the 
esophagus oi in the stomach 

Read at tlie Thirt\ «5jxth \nnual Meetinif of Tlie American Association for Thoracic 
Surgery at Mnnii Beach Fla May 7 to 9 1966 


347 



348 


WATSON, GOODNER, illLLEK, AND PACK 


J Thoracic Surp 
September, 1956 


The upper third of the thoracic esophagus is apt to develop large, ulcerat¬ 
ing, badly infected cancers v-hich metastasize readily by way of the rich sub¬ 
mucosal lymph vessels into the adjacent mediastinal lymph nodes (Fig. 1). It 
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'oluncr iOEEK ESOPHAGrCrOJn Q4q 

Number 3 

Viable tumoi emboli maj' block a Ijmphatic bianch and giic rise to a second 
aiy deposit ivhieh piesents as a submucosal outciopping (often iiiidei an intact 
iiiiicosa) sometimes as much as S cm distant fioni the piimaij cancer 

The aboie data uere fust noted duiiiig the studs of a iiumbei of gross 
specimens o£ esophagus cancel bj sciial micioscopic esamiuations Piioi to 
this work of 1933, it was not uncommon to ciieountei, in the liteiatiiie, ease 
lepoits of multiple esopliageal cancel It is non oiii opinion that in most in 
stances these neie examples of submucosal cancel metastases Simultaneous, 
multiple esophageal cancels piobably aie most uncommon 

Doctois, 111 geneial, agiee that an adequate surgical opeiation for cancel 
lequires a wide icsectioii of the piiraaij giouth in continuity ivith tlie legional 
lymphatic vessels and Ijunph nodes In the ease of cancel of the esophagus, 
the suigeon’s attention has been focused on the lateial spiead of disease and 
its extension into struetuies and little attention has been paid to the loiigitiidi 
nal dissemination of the disease Pei haps as a lesult ot the knoun pool prog 
iiosis for malignant lesions of the uppei t«o thuds oi the esophagus, surgeons 
haie come to logaid losections in this aica as piimaiily palliatiio piooeduies 
lequiiing oiilj a local leseetion of the tumoi with immediate lecoiistruotion 
An oailj leviow of oui oases of esophageal icscction indicated a higher 
ineidonoe oi inadequate longitudinal excision tlian w e had anticipated ‘ 
Setentj nine oases weic anal}zed and 45 per cent of tlie patients with esophag 
eal caiieor who weio subjected to segmental lesection had an inadequate longi 
tudmal remoial of thou disease Surgical failnio was established in the fol 
lowung ciitoria (1) Jlieioscopic evidence of cancel at the maigins of the 
leseeted suigical specimen, (2) subsequent micioscopic eMdenee of recuirent 
tumoi by biopsy obtained at the line of anastomosis, oi (3) miserosoopic pioof 
of tumoi at the line of anastomosis in the autopsy specimen Pathologists aio 
pi one to take longitudinal specimens ot the line of esophageal tianseotion foi 
immediate fiozen seetion diagnosis at the time of opeiation and it seems eleai 
that tiaiisierse sections aie requited if one is to discoi ei submueosal lymphatic 
cancel at the site of lesection 

In oidei to cut down the local lecnrieiice rate and possibly inciease the 
Clue late it was obiioiis that a loiigei poition of the esophagus needed to be 
removed and it was decided to do a senes of Toiek esophagectomies Poitt 
eight patients had this tvpe of exeisional suigeij The original Toiek esopha 
gectoni}, siiecessfulh pei formed in 1913, left the patient wntli a messy antenoi 
chest wall esophagostoma and a tioublcsome gastiostomy feeding pioblem 
Both these features of the opeiation aic undcsiiahle 

The esophagectomy w e fai oi is similar to that of the Torek opeiation oiilj 
in that it IS done foi cancer and, as fai as possible, all the esophagus with its 
Ijmphatics is lemoied The opeiation diffeis fiom Toiek’s pioeedure in that 
oin appioaeh is tluough the light chest and an immediate oi staged esophago 
plastj IS eal lied out Only 31 of oiu 48 patients who had total esophageetomj 
foi cancel of the uppei two thuds of the thoracic esophagus weie suitable 
for esophagoplastj 
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Six different methods of esophagoplasty have been given a trial. The 
first attempts employed rubber and plastic tube contrivances. After trying- 
a few of these, the results were unsatisfactory and they were given up as hope^ 
less (Figs. 2 A and £). Next we tried cutaneous, anterothoracie esophagoplasty 
in 6 cases and ran into the usual complications of gastric regurgitation, ulcera¬ 
tion, stenosis, and prolonged morbidity (Pig. 3). In 2 eases an anterothoracie 
jejuno-esophagostomy (Pig. 4) was carried out and in 4 cases a I’etrosternal 
jejuno-esophagostomy was done. One of these patients is alive and free of 
disease more than five years after surgery. We also had some success with 
gastroesophageal anastomosis in the neck; this type of esophagopla.sty was 
carried out in 10 cases. 

In the last seven attempts at total esophagoplasty, we have employed 
retrosternal right colon transplants. In reporting this small group, it must 
be kept in mind that each patient had cancer located in the upper two thirds 
of his esophagus and in each instance the lesion was resected through a right 
thoracotomy incision bj^ a procedure which in some respects is similar to the 
one devised and successfully carried out by Dr. Franz Torek in 1913. The use 
of right colon for total esophagoplasty is not a new idea. It was first reported 
in 1911 by Kelling^ and, in 1934, Oehsnei*^ collected 20 case reports from 
the literature. The majority of these Avere from European clinics and the 
surgeons brought the colon up to the neck through a subcutaneous tunnel. Dr. 
Charles D. Sherman^ has called attention to the value of this type of esophago¬ 
plasty and has recommended the use of a retrosternal tunnel for the trans¬ 
planted colon. 

The procedure which Ave folloAV for cancer of the upper tAvo thirds of the 
esophagus consists of tAVo stages. First, a Torek type total esophagectomy 
through a right posterolateral thoracotomy and at a second stage, tAvo Aveeks 
later, a right colon substemal esophagoplasty. 


INTRATHORACrC RIGHT COLON ESOPHAGOPLASTY 

In addition to the usual large boAvel preparation for surgery, it is adA-^is- 
able to have a routine barium enema to determine the approximate length of 
tho right colon and rule out any pathologic condition of that portion of the 

bowel. . 

(Fig. 5) At operation, after mobilization of the right colon, the right coiic 

artery is temporarily occluded for fifteen minutes during Avhich time the 
appendix is removed and the stump inverted (Pig. 6). If the blood supply to 
the cecum is adequate and arterial pulsations are visible then the occluded 
blood supply is divided. The transverse colon is divided just to the left of 
the mid-line. The terminal ileum is then divided and its distal end turned in 
after Avhich boAvel continuity is re-established by end-to-end ileotransverse 

colostomy. 

(Fig. T) A retrosternal tunnel is developed and the colon is brought 
through it taking care not to tAvist, kink, or othenvise compromise its blood 
supply. The cecum is anastomosed to the distal cerAucal esophagus and the 
final step is the anastomosis of the loAver end of the colon transplant into the 




Flgr ”—4. Front view Torek esoph'iffeclonij perjormeil July 16 1941 for cancer 
Temporary rubber and &Iass apparatus permits the patient to take fluids and swallow hie 
sali^a 


^llov W» 
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Fitr 3_Torek esophagectomy performed April S. 1954. 

submucosal- nretaltasis 6 cm the pr.mary growth, 

construction was made on Maj b. 


The grross specimen revealed a 
A cutaneous anterothoraclc re- 
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Fig 5 


Fig C 



—The right colon ln«i been mobilized and 'irtcrial clamps njiplic 1 to the right colic artei> 
and all otlicr blood supplj except that through tlm middle colic arterj 
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anterior wall of the stomach. After the wounds are closed a chest roentgeno¬ 
gram is taken in order to detect any evidence of pneumothorax which would 
reqtiire correction. 



Pic 7 —BowPl continuity is re-established by end-to-end il^ is 

Vd"r^b"e^^orn"tan"l^la^n^t^ is" anastomosed to 

the anterior wall of the stomach. 


CASE REPORT 

F. A., a 56-year-old i^'hite man, pharmacist, who.se present Elness 
prior to ho.spital admission with slight “heart burn” followed soon 

During the follo^dng two month.s, the dyspha^a Jd some dis- 

food could not be taken and even liquid food caused considerable di 7 

the first visit, his physician made radiographic studies and ^ f“eXInb 

established and the patient advised to come to the Lnited States for surgical 

During the present illness, the patient lost about 10 pounds. esophagus, and 

i. T /v^rr ineludiiiff fluoroscopic examination of the esop g > 

x-ray studies (Fig. 8), ineluaing uuo y ,n;,i-nortion of the esophagus, 

r-tr.™ cITn r;.h a„7.L:r/p™ .« fe ,.«!.« »=.. 

tUo e,oph.gaa, i™ '">= enaounttrei on bronol.oaoopy. Tho mearf 

carcinoma. A noimal t oatient for surgery were reported as good. 

„a ,ab 0 „..,y "'t!!'™”! r.r‘"r„ophagL™y c.„ied on. ...hou. ineid.n. 

On July 22, 19oo, a thoracotomy incision. The patient made a most satisfac orj 
through a right postero a e adequately by gastrostomy tube (Fig. 9). 

postoperative adjustment and was tea . 4 






consists ot a 16 cm segment of esophagus At¬ 
tached to the mldale or the specimen -were two •?oft gray-pIgmenteU lymph nodes The largest 
\\as i cm in its greatest diameter These were microscopically negati\e for tumor. The 
opened esophagus re\ealed an ulcerated tumor mass located In the middle third of the specimen 
and measured -5 cm in its longitudinal axis The upper margin of the tumor was C 5 cm 
from the margin of excision and the lower margin of tumor was 7 cm. from the lower margin 
Attnciwd 'Sodcs^w'ere nSitUe epidermoid carcinoma of esophagus, grade 11 
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region of tlie left gastric vessels. It 
demonstrated today, that those nodes 
vocated by Dr. Watson. 


appears to me, at least from one of the specimens 
perhaps are not being excised in the operation ad- 


longitudinal spread. It almost seems that when the 
p t lologist reports that cancer cells are found at the point of transection of the esophagus 
the prognosis as bound to be very good indeed. Eecently I had a patient walk into my 
0 co who said to me, “You know that this is the thirteenth year since you did the opera¬ 
tion. I looked back into the record and, sure enough, the pathologist reported that I had 
cut through tumor colls in the lymphatic channels. 


DE. WILLIAM E. NEVILLE, Cleveland, Ohio.—I want to compliment Dr. Watson 
on his excellent presentation; we certainly agree with everything he has said. Dr. Clowes 
and I became interested about two years ago in the use of the colon to replace the esopha¬ 
gus and to date have operated on 14 cases, with four deaths in the immediate postopera¬ 
tive period. We feel, at the present time at least, that the colon offers several distinct 
advantages; (1) it has an excellent blood supply; (2) it is of sufficient length to reach the 
neck in case of high resection; and (3) it may be more resistant to peptic ulceration than 
the jejunum or the stomach. 

(slide) This is one of our earlier cases. You can see the proximal suture at the level 
of the aortic arch. The distal end of the transverse colon is anastomosed to the stomach. 

(slide) This is our highest resection for carcinoma to date. The lesion was delivered 
into the neck and anastomosis performed above the clavicle as demonstrated on the slide 
on the right. 

(slide) This is probably our most intriguing case. This child had a tracheoesophageal 
fistula which was impossible to anastomose. For this reason, an osophagostomy was per¬ 
formed with a feeding gastrostomy. When the patient was one j’car of age, wo recon¬ 
structed the esophagus with the transverse colon. To date he has gained weight and has 
an excellent nutritional status. 


DE. JOHN H. GAELOCK, New York.—^In the interest of historical accuracy it is im¬ 
portant to remember what the original Torek operation consisted of. It really was not a 
subtotal esophagectomy at all. In the first place, no attempt was made to find out what 
was going on below the diaphragm with respect to retrograde lymph node spread and, in 
the second place, a considerable portion of the esphagus was always left above and 
brought out to form the upper esophagostoiny stoma at a point approximately opposite 
the left second rib. This was certainly not a subtotal removal. 

It is now almost twenty-one years since we started w'orking on this problem and I 
must say that n'o have learned a great deal about the life history of this disease. We 
utilized the Torek operation in the first 16 eases subjected to esophagectomy and it did 
not take us long to find out that recurrences could occur at the site of the upper esophageal 
stoma. In the early days, we did not appreciate the significance of this but it soon be¬ 
came evident that this local recurrence was due to submucosal spread proximally. I be¬ 
lieve that it is just as important to stress the fact that retrograde spread may occur 
below the diaghragm even with carcinomas as high as the arch of the aorta. This spread 
u.sually involves the nodes along the course of the left gastric artery and in the pericar¬ 
dial area. Any operation which does not include the removal of this lymphatic region be¬ 
low the diaghragm cannot be considered an adequate extirpational cancer procedure. I 
agree fully with Dr. Watson that it is important to have a wide resection proximal to the 
tumor. We have been stressing this point for some years now and have gone so far as 
to advise subtotal esophagectomy for carcinomas of the distal third in order to get be¬ 
yond the upper limits of the submucosal .spread. 

It is always interesting to hear about the revival of operations in which other organa 
are utilized to restore gastrointestinal continuity. Last year, I visited that dynamic 
Japanese surgeon, Nakayama, and I had many discussions with him and saw him operate a 
number of times. He has had a high incidence of breakdown due to interference of blood 
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supph of the upper end of the stomach when he utilized an intrathoracic ana'^tomoai*? 
Ill practically e\erj case now he is placing the stomach subcutaneously which is again a 
reju\enatioii of an old operation He effects an almost subtotal esophagectomy, brings 
the stomach subcutaneously as far as the neck and makes his anastomosis with the esophag 
eal stump beneath the skin He claims that if he gets a breakdown, it is much better to have 
it under the skin than in the chest and I am sure that e\er\one here will agree with him 
It might surpri*'e you to learn that he accomplishes this operation in the brief span of one 
hour and fifteen minutes 

DR AVILLIAM h 'WATSON, New York, N 1 (Closing) —I should like to thank 
those who were kind enough to discuss our report share Mr Allison's pessimism 

regarding esophageal cancer in general, and, in going o%er the results in our 1,700 cases, 
wo were unable to find a single fneyear survival in the group of cancers located be 
tween tho thoracic inlet and the aortic arch, the«c are the cases di'«cussed in this report 

Di Sweet brings out the point that he always explores the upper abdomen first, 
but of course lesions of the upper one third of the esophagus do not routinely metastasize 
to tho upper abdominal lymph nodes, and if such metastatic lymph nodes are present they 
do not necessarily contraindicate excisional palliative surgery At our second stage pro 
cedure, the upper abdomen is thoroughly explored and regional metastatic lymph nodes 
are removed 

It w'as good of Dr Garloel to point out the dissimilarity between our operation and 
the ones so ably done by Dr Franz Torel He is correct, and yet I believe wo both de 
sire to give Torek the credit for his pioneer work, certainly the operation of esophagec 
tomy first recommended by Dr Torek could not be called a segmental resection It was. 
more than that—in other words it was a subtotal esophagectomy 
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T otal body hypothermia has been shown to protect vital organs from pro¬ 
longed periods of oxygen deprivation.^-^ The suppression of metabolic 
activity that is the basis for this and the sensitive temperature modalities of 
cellular enzjunatic reactions suggest real hazard associated with the use of 
temperatures far from body normals. Holding the period of circulatory stasis 
to a minimum has prevented the appearance of cerebral, renal, and hepatic 
complications; however, there has been trouble with the heart itself, clinically 
with abnormal hearts and experimentally with normal hearts. The major com¬ 
plication, and of a consequence the major deterrent to the use of clinical 
hjqiothermia, has been the occurrence of ventricular fibrillation.^- ® Fibrillation 
has appeared during cooling and warming; therefore, the hypothermia per 
se has been considered the major factor causing venti-icular fibrillation. Un- 
.doubtedly there is an increased sensitivity to fibrillation from the hypo¬ 
thermia. Attempts to obtain precise physiologic data to explain this have 
shoivn refractory period variations, retardation of depolarization and repolar¬ 
ization in pacemaker tissue, etc.,® but there has been no finding to settle this 
issue. Hypothermia (to 20° C.) alone does not lead to cardiac failure^ and 
oxygenation of the myocardium is more than adequate.® 

Unfortunately, it has been impossible to have all data associated with 
controlled ionie and acid-base relationships. In fact, many experiments are 
such that one cannot even guess the general trend—acidosis, alkalosis, or 
normality. Our experience is apropos. The generally recommended method 
of hyperventilation to a state of alkalosis-- ^ has been associated with con¬ 
siderable presurgery ventricular fibrillation in our experiments, and this 
hazard increased at the lower temperatures. 

Maintenance of a near normal acid-base balance with self-ventilation 
during cooling and minimal respiratory assistance when the chest was open 
has altered the picture.® Since adopting this method the only animal (of 90) 
that has had ventricular fibrillation prior to cardiac manipulation and 
surgery has been one with a heart full of worms. Niazi and LeAvis have had 
excellent results with the use of added CO 2 ivhich helps to maintain normal 
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serum Fisher and co-workers’= have used simple self-ventilation in 

their studies and have had no ventricular fibrillation imtil after six and one- 
half hours of 22° 0. hj'pothermia. 

When circulatory stasis has been added, it is our impression that this is 
the major factor relative to the production of ventricular fibrillation, to the 
cardiac damage ivliich produces the failing heart, to the rhythm disturbances 
during warming, and to some postoperative deaths. When the surgical proce¬ 
dure produces a valvular abnormality or coronary insufficiency, a more lethal 
factor may be introduced. 

The heart is protected from loss of coronary circulation by the hypo¬ 
thermia. At normal temperatures the excluded heart will deteriorate in one 
to three minutes and will rare!}' tolerate more than five minutes while still 
contracting. Tlie hj'perthcrmie heart (42° C.) will go into lethal standstill 
within a few seconds after inflow occlusion. 

From this point of view, there arc three approaches to gain further pro¬ 
tection for the heart with hypothermia: (1) stopping or profoundly inhibiting 
cardiac activity during the period of circulatoiy stasis to diminish useless 
metabolic activity, (2) giving oxygen to the myocardium during the car- 
diotomy time, and (3) decreasing cardiac sensitivity with antifibrillatory 
drugs. 

Combinations are also important, and it is probable that a part of the 
effect of many antifibrillatory drugs is in their concomitant slowing of cardiac 
rate (and therefore work). 

METHOD 

Preparations and procedures were essentially the same for experimental 
animals and patients. Jlorphine sulfate was the only medication given prior 
to surgery. Atropine-likc compounds were avoided because they block the 
effect of the acetylcholine. Ether-oxygen anesthesia was used in amounts 
just sufficient to produce sleep and prevent shivering. Self-ventilation was 
allowed to the time of opening the chest, although an occasional animal re¬ 
quired episodic assistance to respiration. This maintains a relatively normal 
acid-base relationship. When the thoracotomy was performed and assisted 
respiration needed, only 3 cycles were made in each minute (with the tern- 
perature between 20° to 26° C.). Inspiratory and expiratory carbon dioxide 
volume percentages were constantly monitored (at oral level) with a record¬ 
ing Liston-Beeker CO 2 meter.®’ This was especially helpful in judging the 
character of assisted respiration. After initial problems with excessive and 
accumulated tracheobronchial secretions and persistent pneumothorax, pre¬ 
sumably due to the fact that no atropine was used, repeated intratracheal 
aspirations were performed during cooling and warming. Such diffieultit? 
have not been encountered in the human patients. Cooling and wanriar 
were accomplished with a commercial circulating fluid blanket with paxy 
and temperature modifying unit (Thcrm-0-I?itc). A direct reading r--' 
vanometer with attached rectal thermocouple was used to monitor 
ture. Repeated checking was done with a mercury thermometer. Wi— 


•Modined for constant recording and Instantaneous calibration 
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slow cooling, tlie intrathoracie temperatures were quite close to the rectal 
ones. In clinical eases, excessive cooling of feet and pressure areas was 
avoided by repeatedly cheeking temperatures of the skin at these sites and 
by insulating when low temperatures Avere obtained. This has been extremely 
important with infants as x>eripheral temperatures Avill fall to 10° C. long 
before the surgical temperature is attained. Procedures on the patients were 
performed at 22° to 26° C., in the animals at 20° to 28° C. Limb Lead II 
electrocardiogram has been used as a monitor throughout the procedures. 
A plastic catheter cannula was inserted into the femoral arteiy of the cooled 
animals for pressure recording. Arterial pressure and electrocardiogram 
Avere recorded continuously on a Grass ink-Avriting eleetromanometer, a 
P23D Statham strain gauge has been used as the pressure transducer. Ap¬ 
propriate right, left, or bilateral thoi*acotomy Avas performed as needed for 
the operation. Cardiac exclusion Avas accomplished by occluding the azygos 
A’’ein and both Amnae cavae, halting respiration, alloAA'ing the heart to empty, 
and cross clamping the aorta and pulmonary artery. Acetylcholine chloride 
Avas then injected into the aorta pi'oximal to the occlusion in order to infuse 
it into the coronary system. PolloAving completion of the operative proce¬ 
dure, atropine sulfate aa^s similarly introduced into the aorta, perfused by 
manual compression through the heart, and then the superior caval and out- 
floAV occlusion Avere removed. As cardiac filling decreased, the inferior Amna 
caA'a Avas disoccluded. For dogs of 10 to 15 Kg. body Aveight, 100 mg. of 
acetylcholine has been used. Human dosages have ranged from 75 to 100 
mg. Perfused blood in either instance has been mixed Avith 100 mg. of 
acetylcholine per 500 ml. of blood immediately before use. Atropine sulfate, 
0.6 mg., has been given for each 100 mg. of acetylcholine ehloiide except for 
that placed in the coronarj^ perfusate. 

EXPERIMENTAL BACKGROUND 

The data relative to protection of the heart by inhibiting its action have 
been pi’esented in detail elseAvhere.^® The story of the acetylcholine effect 
is summarized in the bar graph shoAATX in Fig. 1. TAvelve dogs Avere cooled 
and subjected first to one minute of occlusion alone, and then, folloAving 
cardiac stabilization, a 10-minute period of occlusion with intraeoronarj’- 
acetylcholine (100 mg.) folloAved bj’’ 0.6 mg. atropine sulfate and disocclusion. 
The average normal cardiac rate of 164 fell to 71 Avith the hypothermia (25° 
C.), remained approximately the same Awth occlusion alone for the one minute, 
but fell to an average of 7 per minute during the 10 minutes Ainder acetyl¬ 
choline; shortly after atropine and disocclusion the average rate returned to 
81. Surgical procedures induce added contractions, usually to -a total of 10 
per minute. Compared to the unmodified heart, the electrocardiogram in 
these animals shows less abnormality Avhen return rhythm has been attained, 

and most striking the heart remains pink. 

Perfusion of oxygenated blood through the coronary system maintains 
a good heart for cardiotomy.“'Only small amounts of oxygen are needed 
AAuth the hypothermic metabolic inhibition. For example, at 25° C. a dog 
heart Avail extract 3 to 4 volumes per cent (aorta to coronary sinus) from a 
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perfusion of 1.5 ml. blood per Kg. body weight per minute. It is difficult to 
perfuse the small dog heart at less than 1 ml, per Kg. per minute for a pro¬ 
longed period with a Sigmamotor pump system, but it is clear that even a 0 5 
ml. per Kg. per minute will maintain a normal heart. If the heart has been 
stopped with acetyleholine, added perfusion will initiate cardiac contractions; 
therefore acetylcholine must be added to the perfusion system to maintain a 
quiet heart. Such perfusion, minimal quantitative!}', still adds procedural 
problems and blood handling. It also produces a constant though small blood 
flow into the operative field. 



mean values for twelve dogs 

Fig 1 —The effect of acetylcholine on cardiac rate m total circulatory occlusion. 

Sixty-two dogs have luidcrgonc h}’pothermia with acetylcholine inhibition 
of heart activity for periods of time ranging from 5 to 37 minutes. Jlortnlit.v, 
for the most pait, has been associated with the more slrennous procedures. 
There has been a high incidence of fibrillation (29 in G2) in most instances 
following surgical procedures and the ma,iority have been icversihle. Intrac¬ 
table (or constantly reenrring) fibrillation occurred in 9 dogs, and 4 of these 
were with direct eoronaiy arterv work. 

Table I summarizes the data on these animals. Genera! grouping of rela¬ 
tive risk procedures has been done to simplify presentation. The average and 
range for temperature and occlusion time are given for each group. Tlic 
longest time for occlusion was 37 minutes for a left atrial procedure. Ojrera- 
tivc deaths were primarily technical in the fii'st two groups and from recurring 
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fibiillation m the eoioiiaij aiteij gionp Deaths duung lewaunmg Meie fi-om 
lijpotcnsion, anhjtlimia, and undiagnosed pneumothoiax m the fiist gioup 
Many in the lentiienlai group uere fioni anhjthmias Deaths “lelated to 
surgerj ” aie from the effects of blood loss, aiihjthniias, and 3 iveie from 
sudden reactions at the time of extubation following lenaiming -nhen the situ¬ 
ation uas otheiMise quite uel! Because ot this, tie non giie OG mg atropine 
sulfate mtiaienousl} 10 to 15 minutes befoie extubation Maiked and pel 
sistent pneuniothoiax has appeared iiith the abandonment of atiopine medi 
cation prior to cooluig Thcie aie additite cfteots fiom the lestiieted les 
piiation used tilth the open chest and excessite inflation piesstiies used to 
re expand the lungs A fety dogs, otheiiiise doing quite it ell, iveie found dead 
the morning after the day of surgeii from the effects of pneuniothoi ax These 
hate been included in the suniial gioiip (see Table I) The use of jicnodie 
tracheal suetion during the cooling and it aiming peiiods, constant chest 
suction duung ivarming, and aioidanec of excessite intiatiachcal piessuies 
It hen expanding the lungs aftci the eardiae pioecdiire, have obtrated this 
eompbeation Excessite seeietioiis and pnenmothoiax hate not occuiied in 
the fetv elinieal eases 

Seten dogs had piioi implantation of ladioactne yttiium ” oxide pellets 
into a poition of the loft tcntuculai myocaidium oi along the anteiior de 
sccndmg branch of the left cotonary aiteij Aftei the pioceduie all animals 
leturned to a good ihjthm and tteic saciificed foi the heait specimen One 
animal ttas moderately hjpotensite, but did not fail m a long vvaiting peiiod 
before saciifieing Compiession ttas not used because the hcait ttas to be 
pteserted for study This ttould suggest no exaggeiated sensitititj of the 
damaged heart to hypotheimia and cardiac inhibition duung ciiculatorj 
stasis 

The fiist gioup includes eaidiac exclusion, light and left atiiotomi,, and 
ascending aoitotomj Although these can be cairied out sueccssfullj undei 
hypotheimia alone, each ttas considetablj safer and easier undci these cii 
eumstances in oiii laboiatorj Incicase of the leasoiiable time limit foi the 
intraeaidiac surgeiy ttas an immediate adtantage Most light atiial ttorh 
ttas the pioduction and closuic of an iiiteiatrial septal defect, occasionallj 
only the atiiotomy ttas peifoimed foi the pm pose of implanting ladioactite 
)ttuum”“ oxide pellets into the atnoventriciilai nodal aiea In the left 
atuum ttto thuds closuic ot the initial talve bj diiect sutuie ttas the onlt 
operation, hotvovei, the exposuie is siupiisingly good and anj combined 
talte and septum oi similai work could be done Oiilj a mock pioeedmo on 
the aoitic valte ttas peifoimed fioni the open ascending aoita In the dog 
exposuie of the coionai-j oufiecs foi any diiect ttoik is onlt fan fiom this 
site 

An inteitcnfiiculai septal defect ttas made and closed bt eithei sutmc 
alone oi sutuie ttith an Italon sponge in the right tentiiculotomj gioup 
A limited endocaulial lesection was peifoimed in the animals hating left 
tentnculotomv' The oporatite deaths tteic usuallj technical, such as making 
a high septal incision and cutting the aoitie talte oi interfering with the 
light conduction bundle, these animals deteloped intiactablc tciitricul 
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Table II. Acetylcholine Cardiac Inhibit 


PATIENT 

DIAGNOSIS 

PROBLEM 

PROCEDURE 

TEMPERATUI 

(CENTIGRAM 

16 years 
$ 

Ostium primum 
Interatrial defect 

Bacterial endocarditis, 

2 X 

Cardiac failure 
Left-to-right shunt 

Suture closure 

23° 

4 years 

9 

Ostium secundum 
Interatrial defect 

Eepcated pneumonias 
and infections 
Moderate cardiomegaly 
Left-to-right shunt 

Suture closure 

22.5° 

1 year 
$ 

Atrioventricularis 

communis 

Cardiac failure 
Eotardation 

Suture closure 

23° 

30 years 
$ 

Aortic valvular steno¬ 
sis 

Coronar}’ insufficiency 
Cerebral ischemia 

Open aortic valvulotomy 

26° 

13 years 

*9 

Corrected transposi¬ 
tion aortic chamber 
O common ventricle 

Cyanosis 

Cardiac failure 
Eespiratory distre.ss 
Eotardation 

Huge sliunt 

Incomplete formation of 
interventricular sep¬ 
tum with Ivalon 
sponge 

24° 

Perfusion of 
onary arte 


the inhibition in about three minutes. Motion effects prevented accurate 
electrocardiographic counting of contractions, but usually there '''’ere 2 or 
3 to 10 contractions per minute. Eeversal was accomplished in all but tlie 
third case An irreversible standstill with a heart that suggested a potassium- 
arrested heart occurred near the end of the procedure, and only calcium 
ions produced slight activity with some tone. All efforts at resuscitat 
were ineffective. Autopsy demonstrated that a technically ' 

been obtained. With closure of the ostium primum interatrial defect it 
difficult to fill the left heart and air embolism was encountered vnth 
trieular fibrillation at disocclusion. Defibrillation was accomplished. 

At no time did these patients evidence arrhythmia during the coo g 
period The blood in the surgical field was visibly well oxygenated and 
hearts were quite pink at eardiotomy. In the third case continuously 
corild eai- oximeter values showed 91 to 93 per cent blood oxygen satu- 
ration during cooling and bilateral thoracotomy. Following * 

circulation the saturation was about 80 per cent and remained at 8o 

CitSaTpSht of view the work in the *rs. 4 cases was done m 
o dix oniet "iw rilrm.r:uil^iou tiiue, 

“?lf-"nrnt has iowfuo rhythm disturbance in the six months since 
and this pc valvulotomy would not have been too difficult with anj 

surgery. circumstances a good valvulotomy without regurgi- 

method, but embolic danger was easily performed, and the im- 


day. 
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CARDIAC SURGERY ^UTH HlPOTHERMIA A^D ACETILCHOLINE 3(59 


Open Cardiac Surgery in Human Beings DuBI^G Kipotiiermia 


CARDIAC 1 
EXCLUSION 
TIME 1 

(MINUTES) 1 

I 1 

1 ACET\L 

1 CHOLINE 1 
1 (mg ) 1 

COOLING , 
1 TIME 1 

1 (HOURS) 1 

1 warming I 

TIME 1 

1 (HOURS) 1 

1 1 

1 KH\THM 1 

1 RESULTS 

1 remarks 

13^. 

100 

<^7i 

4 

Ventricular fibril 
lation (air em 
bohsm) 

Grossly complete clo<?ure, living 
and i\ell at 6 months, no nr 
rhjthmias (operation 11/29/55) 

9 

SO 

6U 

3A4 

Normal 

Grosslj complete closure, living 
and uell at 5 months 

37 

73 

2% 

— 

Cardiac standstill 

Operatiie death, cause of Bt'ind 
still undetermined, technicallv 
n poor closure 

iV. 

ion 

7 

SM. 

Normal 

Cerebral edema 1 daj murmur 
gone bj 4 da}s, died 7 dal's 
ma«si\c pulmonarj embolus, 
autopsy showed excellent xahu 

22 

100 

+ 


2% 

(Iru'oraplote) 

Normal 

Died while Alarming (34®) from 
bleeding due to coagulation de 
feet 


In the fifth case iiheie eoronniy pcifusion was poifoimcd, the hoait was 
quiet, but the presence of the returning blood proved stiiKiiiglj diffeicnt 
fiom the othei bloodless caidiotomies With minimal contractions and the 
low temperatuie it was conspicuous that the caidiac lenous blood was red 
shoitly aftei the perfusion wasstaitcd (at onh 2 ml blood pel ICg bod\ weight 
pel minute) 

DISCUSSION 

open hcait suigeij iiiidci hypothermia has been a lealitj because of the 
work of Bigelow,’ Lew is,^ and Swan,'' and then co woikeis These studies 
are complcmcntaij to esisting techniques and aie intended foi fiirtliei pio 
teetion of the heait and foi iiicieasing safe opeiatne time riom an cxpoii- 
mental point of Mcw, it is suggestive that some added antifibiillatoij diug oi 
mechanism could be added foi at least the more difficult and piolongod 
procedures 

On the one side iniestigatois have found that a small amount ot coio 
naiy (and biaiii) perfusion of ovjgcnated blood iiicieases the safet}' of hrpo 
theimia foi caidiac piocediiies and, on the otliei, dccieascd blood flows aie 
being used with noimal tempentuic cxtiacoiporal pump o\jgenating s\s 
terns’' AVe might eiciitiiallj c-vpcet a common meeting place for both 
methods with modciatc cooling and evtiemelj low flow lafes fiom an t\tia 
eoipoial Ml cult Slioit cooling time, long opciatiic time, and simplified 
appaiatus would lesult Inhibition of caidne actnitj would also be additiic 
iiiidei these ciiciimstances Ilowcsei, open pioceduies upon and cicntiiallj 
replacement of the aoitic lahc seem possible 
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coronary Avorlc may also be found to be dependent upon a quiet heart Avith 
circulatory stasis, a situation avHcIi has been demonstrated to be possible 
AAutli this modification of hypothermic surgeiy. 


CONCLUSIONS 

1. Intracoronary acetylcholine markedly inhibits cardiac actiAuty during 
cardiac exclusion under hypothermia. Its effect is readily rcAmrsible Avith 
atropine. 

2. Surgical procedures in the four cardiac chambers, the open aorta, 
and on the coronary arteries can be performed in dogs Aidth this method. 

3. Direct Ausion atrial and aortic cardiac surgery haAm been performed 
in human beings AAuth acetylcholine inhibition of cardiac actiAuty under 
hypothermia. 

REFERENCES 


1. Bigelow, AAL G., Liiidsaj-, AA''. K., Harrison, E. C., Gordon, E. A., and Greenwood, AA’. P.; 

Oxj’gen Transport and Utilization in Dogs at Low Body Temperatures, Am. J. 
Physiol. 160; 125-137, 1950. 

2. Bigelow, AA''. G., Callaghan, J. C., and Hopps, J. A.: General Hypothermia for Ex¬ 

perimental Intra-Cardiac Surgery, Ann. Surg. 132: 531-539, 1950. 

3. Lewis, P. J., and Taufic, AI.: Closure of Atrial Septal Defects AA'itli the Aid of Hypo¬ 

thermia; Experimental Accomplishments and the Report of One Successful Case, 
Surgerj- 33: 52-59, 1953. 

4. Swan, H., Zeavin, I., Holmes, J. H., and Montgomery, V.; Cessation of Circulation in 

General Hypothermia; Physiological Changes and Their Control, Ann. Surg. 138: 
300-370, 1953. 

5. Niazi, S. A., and Lewis, P. J.: The Effect of Carbon Dio.vide on A'entricular Pibrilla- 

tion and Heart Block During Hypothermia in Rats and Dogs, Proc. Surg. Forum, 
Clin. Congress Am. Coll. Surgeons, Philadelphia, 1954, AV. B. Saunders Company. 

6. AIcBrooks, C. AIcC., Hoffman, B. P., Suckling, E, E., and Orias, 0.: Excitability of 

the Heart, New York, 1955, Grune & Stratton, Inc. 

7. Berne, E. AL: Alvocardial Function in Severe H^-pothermia, Circulation Ee.s. 2; 90- 

95, 1954. ■ ‘ T 

8. Penrod, K. E.: Cardiac Oxygenation During Severe Hypothermia in Dog, Am. J. 

Physiol. 164: 79-85, 1951. 

9. Thompson, E. G., Alorch, E. T., Benson, D. AAL, and Aloulder, P. AL: Data to be pub¬ 

lished. . , 

10. Niazi, S. A., and Lewis, F. J.: Resumption of Heartbeat in Dogs After Standstill at 

Low Temperatures, Proc. Surg. Forum, Clin. Congress Am. Coll. Surgeons, Phila¬ 
delphia, 1954, AA'. B. Saunders Company. . 

11. Niazi, S. A., and Lewis, F. J.: Tolerance of Adult Rats to Profound Hypothermia and 

Simultaneous Cardiac Standstill, Surgery 36: 25-32, 1954. 

12. Fisher, B., Euss, C., Fedor, E., AA'ilde, E., Engstrom, P., Happel, J., and Prendergast, 

P.: Experimental Evaluation of Prolonged Hypothermia, A. AI. A. Arch. Surg. 


71: 431-448, 1955. , -nr ■ 

13. Moulder P. A'., and Thompson, E. G.: Protection of the Heart Under Hypothermia 

AA'itli Acetylclioline Arrest, Proc. Soc. Exper. Biol. & Aled. 92: 49-52, 1956. 

14. Shumway, N. E., Gliedman, AI. L., and Lewis, P. J.: Coronary Perfusion for Longer 

Periods of Cardiac Occlusion Under Hypothermia, J. Thoracic Sdeg. 30: oJb- 

15 Edwar^ds ^W^'s.: Panel Discussion on Advantages and Disadvantages of A'arious 
Aletiiods of Inducing Hypothermia, International Symposium on Cardiovascular 
Surgery, Philadelphia, 1955, AA'. B. Saunders Company, pp. 422-424. 

16. Cohen, AI., and Lillehei, C. AA'.: A Quantitative Studj- of the 

A'ena Caval Occlusion in the Dog, Surg., Gy nee. & Obst. 98. 225-232, l-lo-l. 


Discussion 

DE CONRAD E. LAAI, Detroit, Alich.—A year ago, Dr. Geoghegan, Dr. Lepore, and 
r nresented before this Association a paper entitled "Induced Cardiac Arrest ior lntra- 
SurgXal Procedures" (J. Thoracic Surg. 30: 620, 1955). You will recall ha 
' n ^ • TV, r-Wnride to nroduce this arrest, and the recovery phase was almost 

I'nvarSblj^’ acTorpanied by ventricular fibrillation. AVe immediately began to seek a way 
-o avoid this complication and last November we began to use acetylcholine. 



\o!unieJ^ CARDIAC SURGERl "WirH H\P0T1IERMIA A^D Ad IMfirOLINr STI 
N imber 3 ‘ 


(slule) This i«! the record of one of tho aiitiiuils ^Ye «!ce the normal aortic j)re‘'suie 
and Lead II of the electrocardiojtrain Ilus is the record taken at tho tunc of lena cn\al 
occlu‘»ion and after the acetNlclioline iva** iniortod, the Jicart vas stoppel at tin'! point 
Here we ha%e complete asi«5tole At tin*- point the toronaiies ■ncre pertused iMtJi ox\ 
genated blood, and 3 minutes later a slow contraction occuis, then 30 minutes later a 
normal contraction J felt we should wait for flic a^allal)lht^ of nn ow^rciintor before 
tn ing this on a patient and for that reason there was some delai 

(slide) Ihis IS the elcctrocardioprapluc record of a J4 pound patient 13 months old, 
with an inter!entncular defect, who had icct\lcIiohnc uriest of the heart for lo mumtes 
Here is the normal electrocardiogram I his is the record of 15 minutes of arrest and 30 
seconds after tho clamp was remoxed from the aorta and tho oxxgcnatol blool allowol 
to flow in You SCO the first contraction, the second one, aftei one minute, J mimitc’' and 
the record on the first postoperative daj 

(slide) This shows the picture ot this box on tho second postoptratixc dii! The 
opening in the xentncle was closed with a perfcctlj dr\ field and a perfeetlj still heart 
The combination of a suitable oxxgenator plus arrest with some drug such ns ncct!Icholinc, 
seems to be the answer to this form of intracardmc surgerx 

DR HENRY" SWAN, 11, Denver, Colo—^Late iii 1^54, on tho basis of our Iibointor;j 
experience, we began to use clinicallj tlio rolntnel) short acting nntichohnesteiaso prostig 
mine, which we gaxe b} coronan perfusion after circulatory occlusion had been set up 
^\e now hut had the opportunity to obserxo tho action of this agent on about pitients, 
and we continue to believe that it is xaltiable Prostigmine, in tho doses that wo use, 
markedly slows tho heart but does not actually stop it Heart ratC'« of th( magnitude of 
from 3 to 25 a minute persist tliroughout tho oporatue piocoduro ^\e ftlt at first, and 
I am interested in hearing of the work this morning, that ncetxlchohnc woull hiuc too 
short an action because it is so rapidly destrored Yet on the basis of what wo haxe 
heard today I believe this is not necessarily true Following prostigmine, as Dr Lam 1ms 
said, the heart starts reaclih again when circulation is restored 

With regard to tho use of hxpotheinnn alone, we ha\o been graduallx exploring the 
perimeters of that as a safe technique for opening the heart, and wt must of course admit 
that the heart does undergo a continuing and progressne hypoxia during the period of 
circulatory occlusion Tho protection of lupothcrmia is lolatnc, ot course, and is not 
absolute, so that wo cannot expect it to be of jndefimte duration with or without stopping 
the heart We haxo gradually come to use a lesser rungo of hypothoimm than when we 
began, because we found that we did not encoiintei xcntncular fibrillation in these pa 
tients under the terapcratuie of 28® C, rectal tcmpentiirc So that wt liaxo gnulimlh 
come to use the range from about 28® to 31® C, and we feel that tho brain will bo pro 
tected for periods up to 12 or 35 minutes at this temperature, we think that 10 is fairly 
safe and S xerj safe indeed "We )ia\o had no cerebral damage in using this langt 

Currently, then, we arc recommending that the range of ttmptriture for clinic d ip 
plication of Jnpothermia alone be in the neighborhood of 28® to 31® C btcauso of the 
relatixe absence of serious arrlnthniins, with occlusion times of tho heart not to exceed 
8 minutes, and with the heart under the inllmnce of in antithobncstc r iso with the lorojiirx 
circulation occluded 

DR PETER V MOULDER, Chicago, III (Closing) —I should lil c to show one slide 
that brings out a point relatixe to the discussion of Dr Swan Ihe slide demonstrates 
the effect of cardiac occlusion for 50 minutes JJeforo occlusion there is a good pressure, 
normal electrocardiogram, after occlusion, no pressure, then following intracoronarx 
acetxlchohne (100 mg) the electrocardiogram shows cardiac arrt«t, the next partition 
shows at 10, 30, and 50 minutes, no electrical actixity (or cardiac contractions) Tho 
last part shows 5 or C minutes after disotclusion with a relatixcly normal olectrocnrdio 
gram and a good cffecti\e pressure llus was ont of those fortunate experiments in which 
virtualh no contractions occurred during the entire 50 minutes Ihe luart will bo rc 
sufeCitated without the atropine, responding to the filling of the heart with blood nn 1 
coronan blood flow, but a xentnculnr or nodal rhxthm will persist for a considerable 
period Tho atropine produces rapid rexersion to n normal sinus mechanism 
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day some scanty .-iscid sputum 

v^as raised witli dithculty. On physical examination, scattered squeaking, and occaLnal 

wer°eTro at both bases. The breath .sounds 

were bronchovesicular. 

ft. I'ours after the onset of this illness, trypsin therapy was instituted in 

e 0 owing manner: one-half cubic centimeter of Parenzi-me was given intramuscularly 
daily, plus one buccal trypsin tablet every four hours. When examined the next day the 
patient appeared far more comfortable. The temperature was normal, the cough was much 
softer, the sputum was copious and easily raised. Therapy was discontinued after another 
twentv-four hours. 


2. Chronic Bronchitis. 

N. B., a 3I-year-old housewife, had a dry, irritative cough for eight years, which became 
aggravated by cold weather or following upper respiratory infections. In the past year, 
following an episode of severe bronchopneumonia, the coughing became worse, sputum be¬ 
came scanty and mucopurulent. There was an occasional episode of paroxvsmal coughing 
of several minutes' duration, persisting until sputum was raised. On physical examination, 
chest expansion was diminished. Scattered areas of sonorous, squeaking, moist rales were 
heard, which cleared after a vigorous cough. 

Treatment consisted of one-half cubic centimeter of Parenzi-me intramuscularlv 
plus one buccal trypsin tablet everj' four hours. Pour days later the following changes were 
recorded: (1) the sputum was thinner, more abundant, and easily raised, (2) the cough 
was more loose, (3) only an occasional crackling rale was heard, and (4) the patient felt 
considerably improved and was eating and sleeping better. After the first week, intramuscular 
ParenzjTue therapy was discontinued and the patient was maintained on one buccal tablet, 3 
times a day. This regimen was discontinued after four months, when the patient stated .«he 
coughed only occasionally and chest examination was negative. 

3. Chronic Bronchiectasis. 


P. M., a 37-year-old Puerto Rican man, was admitted to Metropolitan Hospital because 
of shortness of breath and ankle edema of three days’ duration. He had been coughing for 
eight years, occasionally e.xpectorating a large amount of sputum. At various hospitals he 
had been told he had bronchial asthma. He had been followed in an outpatient department 
of an outside hospital wth ephedrine tablets, and had improved until three days prior to this 
admission. On physical examination, tlie temperature was 99” F., apex rate 108, radial rate 
78, blood pressure 105/60. He appeared malnourished and dyspneic. A fetid odor permeated 
his room. The lungs were emphysematous, with lij’perresonance noted in both lung fields. 
Many moist rales were present in both bases. There was a sinus tachycardia on EGG. Chest 
film showed extensive bilateral bronchiectasis. The liver was IV 2 fingerbreadths below the 
costal margin. A three plus ankle edema was present. Prominent clubbing of the fingers and 
toes was evident. 


Lahoratory findings: Urine specific grarity was 1.020, and was negative for sugar, pus, 
or albumin. Blood urea nitrogen was 16 mg. per cent, albumin-globulin ratio was 2.8/3.8; 
total protein, 6.6; cephalin flocculation test was negative. Thymol turbidity test was 1.4 
units and hemoglobin, 13.5 Gm. Wliite blood count was 8,100 to 17,200; eosinophil, 2 per 
cent- red blood count, 4.75 million. A Mazzini test was negative. Sputum cultures revealed 
intennediate coliform organisms, sensitive to Aureomycin, Chloromycetin, and Terramycin. 
Proteus vulgaris and Alcaligenes faccalis organisms were recovered. Sedimentation rate u-as 
1.0 mm. per 15 minutes and 0.0 mm. per 15 minutes. EGG showed right ventricular preponder- 

tHlC6 • 

’ For the first two weeks of his present hospital stay, treatment consisting of Aureomycin, 

penicillin and Cliloromvcetin, was ineffectual. He then was placed on buccal trypsin therapy, 
one tablet everv three hours for three days, and then every six hours for maintenance. 

After seventy-two hours of buccal trypsin therapy the following changes occurred: 
(1) the fetid odor^disappeared, (2) coughing was increased, but more loose, (3) the sputum 



\oIume^2 BUCCAL AND EsTRAMUSCULAE TRIPSIN q7*S 

Number 3 ' 

■nis much thinner and more abundant, and (-1) expectoration was easier On postural 
drainage large quantities of mucopurulent materi*il were evacuated 

This patient maintained the above level of improvement while on buccal trvpsin for 
an additional two weeks Buccal tripsin therapj was then terminated After ton davs 
without trvpsin, all the previous symptoms gradualh returned 
4 Btoncliopleural Fisula 

L N, a 24 >ear old Puerto Rican seamstress, was referred to the ho'spital fiom the 
chest clinic with a diagnosis of chronic pneumonitis and lung abscess involving the left 
lower lobe A lobectomj was performed, but the postoperative course was complicated b\ 
a profuse purulent discharge accompanjing diffuse cellulitis of the operative site This 
was followed in three weeks by a bronchopleural fistula Purulent drainage was profu'>e 
and impossible to control with antibiotics, local lavage**, and topicallv applied '1 arida^e 
(streptol ina^e) Trjpsin therapv was started consisting of two 2 5 mg Parenzvme iiijec 
tions plus one buccal trjpsin tablet every four hours 

Twentj four hours later the fistulous discharge was considerabU thinner and le-^s 
abundant Fortj eight hours later, there was definite decrease in intensitj of the redness 
involving the entire fistulous tract the end of one week maintenance trvp'sin therapv 
was instituted with one buccal tablet every four hours Two weeks later the drainage 
from the wound was verv scantv and mucoid in character Tliree weeks later the patient 
was discharged, at which time the previously necrotic material lining the fistulous tract was 
replaced bv healthv, abundant granulating ti-»sue 

DISCUSSION 

Except foi two lepoits on paicnteral tijpsin,’ “ all pieMous studies on 
enzjme theiapy in lespnatoiy tiact infection neie based upon intiapleuuil 
01 aerosol administration In tins stud}, an intinmuscnlai piepaiation 
(Paienz}me) and buccal ti}psm tablets aveie employed The diffeienee be 
tween parcnteial (Paienzyme) and topical (neiosol) gnen ti}psin aie 
significant An aaeiage single dose of ti}psin giaen b} ucbulizei is 300 mg 
111 one lepoit the single dose was 800 mg of tnpsin ' Each dose of Paienz}inc 
contains onh 2 5 mg of tiipsm, the buccal tablet also contains 2 5 mg tiipsin 
Enz}me dosage ni topical (aeiosol) theiapv is high since theic is duett 
enzyme substrate inteiaetion, and the extent of piotein snbstiate depol}mciiza 
tioii IS a diieet function of the quantitv of eiiz}ine intiodiioed The dose of 
liaienteiall} giicn tiypsin on the othei hand is small, since the ph}Siologie 
action of paienteial tnqisiii seems to be actuation of the patient’s own piotcoh tic 
enz}me si stein, i e the conicision of picciiisoi “plasminogen” into the aetne 
enz}me ‘plasmin” The euz}me piotem snbstiate complex following 
paienteial tiiqism is a plasmin protein snbstiate inteiaetion, itnliKe the Iryjmn 
pioteni snbstiate leaction mixtiiie ivhich chaiacteiizes aeiosol administration " 
Since lery small ti}psin qiiaiititus constitute each dose of paienteial 
ti}psm the lathei unpleasant and oceasioiialli seiions consequences of massiie 
ti}psin aeiosol doses aie aioided At no tunc m this stiidi did we eiicoiinfei 
an} of the following side efteets associated with aeiosol en/Miie thei ip\ 
d}spnei chills, feiei hoaiseiiess nasal and caclid luitatinii 

In oidei to iindeistand the i)h}siologic lolc of tiapsin in leieisiiig mflam 
Illation one should think in ieinis of a diiianiic equilihiium between pioteo 
Iwtit eii/imes and pioteiii niatioiiiolcciiltsFioin time iinmemoiial it was 
lecognized th it an aiea of acute localized inflammation contained highl} i iseons 
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exudates. Recent animal studies^ suggest that following parenterally given 
tiypsin, there is correction of a proteolytic enzyme-protein maeromoleeular 
substrate imbalance in the area of local tissue injury. There then follows re¬ 
duction in viscosity of edema fluid,*®’ purulent exudates and lymph, with 
rapid cleansing of necrotic debris. Ehrieh®® defines inflammation as a "dis¬ 
turbance in homeostasis.” Our studies suggest that one of the fundamental 
homeostatic disturbances in iiiflammation is the impaired proleolytic enzyme- 
protein substrate equilibi’ium. In keeping with this viewpoint, clinical ob¬ 
servations made in this study suggest that patients with signs and symptoms 
of respirator^’’ tract infection benefit from trypsin tlierapy following enzymatic 
modification of excessively long chained protein macromolecules in the exudates 
of inflamed bronchial or pulmonary tissue. Tliis would explain the reduced 
viscosity, tenacity, and inspissation of respiratory secretion following buccal 
trypsin and Parenzyme therapy. 

It appears that bueeally and intramuscularly given trypsin adequately 
corrects fundamental proteolytic enzyme-protein substrate abnormalities in 
respiratoiy tract infection, and as a direct consequence there is a significant 
decrease in the viscosity and tenacity of respiratory secretions. 


SUMJIARY AND CONCLUSIONS 


In clinical conditions associated with thick, tenacious, respiratory secre¬ 
tions, trypsin therapy (intramuscular Parenzyme combined with buccal trypsin 
tablets) has the following effects: 

1. The sputum becomes thinner, more abundant, easier to raise. 

2. The cough becomes more loose, more productive. 

3. Accelerated granulation occurs in bronchial ulcerations and broncho¬ 
pleural fistulous tracts. 

4. In chronically ill patients, there appears w’eight gain, improved appetite, 
improved sleep and sense of well-being. 

5. Acutely ill patients show ra'pid resolution of inflammation, with early 
subsidence of cough and substernal burning. 

6. In this study, intramuscular trypsin (Parenzyme) and buccal trypsin 
were used. For long-term maintenance therapy, buccal trypsin alone was 
employed. The incidence of side effects was low. 
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T he opening of a new field of surgical endeavor often arouses interest in 
the detailed anatomy of the involved part of the body. As a result of 
such studies, current notions may be so changed and extended so as to under¬ 
stand better the morphologic structures of the organ and to provide a scientific 
basis for its function. The impetus given to mitral valve surgery in the 
course of the last few years has prompted a thorough revision of our knowledge 
concerning the anatomy of the noimial mitral valve. The classical description 
of the mitral valve found in the textbooks of anatomy is inadequate for the 
need of the cardiac surgeon. Similarly, the importance of the valvular 
structures and the myocardium in the mechanism of valve closure requires 
a new appraisal in view of recent observations. 

It is the purpose of this study to focus attention upon certain anatomic 
features of the normal mitral valve and their significance in the mechanism 
of valve closure. 

MATERIAL AND METHODS 


One liundred and five normal hearts were studied. They were from 60 
men and 45 women between the ages of 19 and 65 years. The .specimens were, 
for the great majority, preserved in 4 per cent solution of formaldehyde. They 
were chosen from eases in wliieh there was no evidence of cardiac disease, 
except for a small number that exhibited a moderate degree of coronary arterio¬ 
sclerosis. 

In eacli heart a detailed examination Avas made of the A'alve leaflets, mitral 
i-ing, chordae tendineae, and papillary muscles. Measurements of Amrious 
elements associated Avith the Amh'e apparatus Avere taken, namely, (1) the 
diameters and the circumferences of the orifice, (2) the surface area of all 
A’alve leaflets and junctional tissue, (3) the height of each single valve leaflet 
measured in the central portion, from the apex to base, (4) the breadth j)f the 
single Amlve leaflet at the line of insei*tion at the Amlve ring, and (5) the 
depth, that is, the perpendicular measurement from the free edge to the valve 
rin", of the junctional tissue Avhen this had not become differentiated into 

Amlve leaflets. 
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A pan of dnideis and a ractiic lulcr wcic used foi the lineal incasme 
inents The surface aiea nas obtained In planimetiic integiation of the lahulai 
tissue, carefiilh dnided with tini scissois from its attachments to tlie lahe 
ling and to the choidae tcndineae Tins iias done in 16 fiesli lieaits, S female, 
and 8 male specimens The gieatest caie nas cseioised in pieseiMiig the 
dimensional figiiies found in situ uhen caleulatnig the vahnlai tissue surface 
aiea In otliei iioids, during the pioeess of planimetiic integiation, ue tried 
to neutialize the oveistieteliiiig tendencj of the excised xahulai tissue hi 
beeping the same figiues as far as eiictimfeieiice, the height and the hieadtli 
of the leaflets, and the depth of junctional tissue ueie conceined 


THF JfORUtL JIHRIL lALn: APPIRATUS 
The noimal initial xahe appaiatus is composed of larioiis structnies in 
eluding the initial iing, the lahc piopci, the choidae tendineae, and the 
papillai'j muscles 


AURICLE 



Fiff 1 —Diagram demonstrate 
contour of lumen m systole and 
the ^ent^lcle are bloodless Inspi 
able to see how much \al\uHr and 
The -American Journal of Medicine 


mitral ring and changes in 
conditions the atrium and 
from normal it Is remark 
Ince (Hurwitt) (Courtesy 


The Mttial Ring —The mitral (atiioieiitiiculai) iiiig oi annulus is an 
important pait of the skeleton of the hcait* It is an anteiioih incomplete 
ciicnlai, and fihioelastic stinctiiie It lepiesents the dmdmg line hetween 
the atiial and icntrieular ninseulatuic fiom the eighth iieek of intiauteiinp 
life on and appeals in the emhiioiiic lieait as a lesult of the cionding togethei 
of the conneetiie fiamenoik of the oigan The ling’s iippei houlei is the 
point ot oiigin of atiial muscnlai fihei-s and its lowei hoidei is the point of 
origin of the lentiiculai musenlatiuc It has leceiith been slioun that the 
atrioientiieiilai annulus deeieases its dianietci diiiing eaoli sjstolic contiactioiT 
(Tig 1) This eieiit, nliicli takes an cftcctnc part in the closure of the noinuil 
mitial laho, is piohahh the lesult of the sjstolic contraction of the deep 
hiilbo and sinospiral muscles iMtli the supeificial hulhospnal muscle assisting 
Ill a minoi lole In the expoiiinental animal, the impiession is gamed that the 
oiifice IS completely ohstnicted duiing the late stage of the caidiac si stoic 
bj the sphinctcilike action of the annulus 
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T he opening of a new field of surgical endeavor often arouses interest in 
the detailed anatomy of the involved part of tlie body. As a result of 
such studies, current notions may he so changed and extended so as to under¬ 
stand better the morphologic structures of the organ and to pro'ride a scientific 
basis for its function. The impetus given to mitral valve surgei'}’’ in the 
course of the last few years has prompted a thorough revision of our knowledge 
concerning the anatomy of tlie normal mitral valve. The classical description 
of the mitral valve found in the textbooks of anatomy is inadequate for the 
need of the cardiac surgeon. Similarly, the importance of the valvular 
stiTictures and the myocardium in the mechanism of valve closure requires 
a new appraisal in view of recent observations. 

It is the purpose of this study to focus attention upon certain anatomic 
features of the normal mitral valve and their significance in the mechanism 
of valve closure. 

3t.4TERIAL AND IMETHODS 


One hundred and five normal hearts were studied. They were from 60 
men and 45 Avomen between the ages of 19 and 65 yeai’s. The .specimens Avere, 
for the great majority, preserved in 4 per cent solution of fonnaldehj^de. They 
Avere chosen from eases in AA'hieh there Avas no CA'idence of cardiac disease, 
except for a small number that exhibited a moderate degree of coronary ai-teiio- 
sclerosis. 

In each heart a detailed examination Avas made of the Amlve leaflets, mitral 
ring, chordae tendineae, and papillary muscles. Measurements of A'arious 
elements associated AA'ith the A-ah'e apparatus AA-ere taken, namely, (1) the 
diameters and the circumferences of the orifice, (2) the surface area of all 
A-alA’e leaflets and junctional tissue, (3) the height of each single vaNe leaflet 
measured in the central portion, from the apex to base, (4) the breadth of the 
single valve leaflet at the line of insertion at the Amh’e ring, and (5) the 
depth, that is, the perpendicular measurement from the free edge to the valve 
ring, of the junctional tissue AA'hen this had not become differentiated into 
A'alve leaflets. 
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A pair of dividers and a metric mier were used for tlie linear measure¬ 
ments. The surface area was obtained by planimetric integration of the valvular 
tissue, carefully divided with tiny scissm-s from it.s attachments to the valve 
ring and to the chordae tendineac. This was done in 16 fresh hearts; 8 female, 
and 8 male specimens. The greatest care was exercised in preserving the 
dimensional figures found in situ Avhen calculating the valvular tissue surface 
area. In other words, during the process of planimetric integration, wo tried 
to neutralize the overstretching tendency of the excised valvular tissue by 
keeping the same figures as far as circumference, the height and the breadth 
of the leaflets, and the depth of junctional tissue were concerned. 

' THE NORMAn JIITBAL VAWE APPARATUS 
The normal mitral valve apparatus is composed of various structures in¬ 
cluding the mitral ring, the valve pi'oper, the chordae tendiueae, and the 
papillary muscle.s. 


AURICLE 



Fig. 1.—Diaffrani demonstrates the '* ‘ ’* fws and changes In 

contour of lumen m systole and diastol- ’ ' lltlon*? the atrium and 

the \entrlcle are bloodless. “Inspitc of t . ■ ■ n normal It Is remark¬ 
able to see how much %alvular and ring f . ' (Hurwitt). (Courtesy 

The American Journal of Medicine. February. 1953.) 

The Mitral Ring .—The mitral (atrioventricular) ring or annulus is an 
important part of the skeleton of the Iieart.' It is an anteriorly incomplete, 
circular, and fihroelastic structure. It represents the dividing line between 
the atrial and ventricular mnscnlatnrc from tlie eighth week of intrauterine 
life on and appears in the embryonic heart as a result of the cro.wding together 
of the connective framework of the organ. The ring’s uppei’ border is the 
point of origin of atrial muscular fibers and its lower border is the point of 
origin of the ventricular musculature. It has recently been shown that the 
atrioventricular annulus decreases its diameter during each systolic contraction^ 
(Pig. 1). This event, wliich takes an effective part in the closure of tlie normal 
mitral valve, is probably the result of the systolic contraction of the deep 
hulho- and sinospiral muscles with the .superficial bulbospiral muscle assisting 
in a minor role. In the experimental animal, the impression is gained that the 
orifice is completely obstructed during the late .stage of the cardiac systole 
by the sphincterlike action of the annulus. 
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The outer aspect of the mitral annulus constitutes the deepest part of 
tlie atrio%'entrieular groove on the external surface of the heart. The mitral 
valve takes origin as a continuous veil from the inner aspect of the ring and 
inserts around the entire cireumfeience of the mitral oiifioe. 

In this study ue found that the eircumference of the mitial annulus was 
in avei'age 10 cm. (range: 8.5 to 11.5 cm ) in the male specimen, and 9 cm. 
(range; 8 to 10 5 cm.) in the female specimen (Table !)• The readings 
obtained were very seldom found at vaiiance with these figures 



Kig 2 —Photoerapli of a human mitral •val>c shoivlnff anterior and postenc”' 
leaflets Tmo big nrrows Indicate the position of tlie*** minor cusds The «mall -,r'. 

SchiSf. Italy:'AXi^No 25‘pn)'““‘'= Un.terslt, of B- ' 


Fhe Toire Propcf .—The mitral vaiie is represented b.'* ^ ..t j 

veil of valvnlar tissue attached as a raiiff to the entire cirvm*“'^"’'t-1^-7; 
atrioventricular annulus its free edse is split by indentatiem. " ,"j. 7 ~~ 

leaches the mitral annulus Those clefts diride the vain*’^ 
major leaflets which are always present and into two 
not invariably present. Thc«e minor cusps, when ' 
the junctional tissue (Fig. 3). 
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Tlie valve tissue consists of a fibroelastic texture covered on the atrial 
and ventricular aspect by a coat of endocardium. The so-called fibrous skeleton 
which gives strength and shape to the valve is furnished by a layer of 
connective tissue protruding from tlie inner aspect of the mitral ring. Im¬ 
portant contributions to the valve-supporting framework are the chordal in¬ 
sertions. Rusted and his associates* noted tliat the chordal insertions passed 
through the substance of the leaflet for a considerable distance. This particular 
arrangement, as pointed out by the Mayo Clinic group, is often seen on 
the transilluminated posterolateral leaflet, but more often a fibrous band 
running along the margin of closure is seen in this leaflet. Tin's fibrous 
structure can be considered as the point of insertion of the chordae. Neither 
the junctional tissue nor other additional valve leaflets show any such arrange¬ 
ment of their connective layers. 

Tlie two major cusps are attached to the ring in sucii a way as to be in 
anteromedial and posterolateral locations. The anteromedial cusp has been 
referred to as the anteromedial, aortic, septal or greater leaflet. The postero¬ 
lateral has been designated as the posterolateral, ventricular or lesser leaflet. 
The major axis of the mitral orifice is consequently directed obliquely forward 
from right to left. 

The Anteromedial or Aortic Leaflet .—The aortic leaflet is the most im¬ 
portant from the anatomic as well as the physiologic standpoint. Table I shows 
the linear measurements of the various valve leaflets. Table II lists the surface 
measurements of the same structures, obtained by planimetric integration of 
the removed valvular tissue. The aortic cusp is by far the largest. It exceeds 
every other leaflet in height and breadth at the mitral ring. Its surface area 
gives a better idea of the importance of this cusp, because it is equal to almost 
one-half of all valvular tissue surface area. 


Table II. Measurements (in m:m.2) op Norjial Mitral Valve (16 Hearts) 


structures measured 


MEN (8 SUBJECTS) 
AVERAGE~1 range 


WO MEN (8 SUBJECTS) 
ATORAGE I RANGE 


Aortic leaflet 
Ventricular leaflet 
Anterior accessory leaflet 
Posterior accessory leaflet 
Anterior junctional tissue 
Posterior junctional tissue 
Valvular tissue area 
Mitral orifice area 


651 

833 - 

427 

384 

532 - 

270 

227 

257 - 

193 

136 

148 - 

110 

171 

200 - 

129 

92 

110 - 

70 

1398 

1770 - 

1000 

793 

1020 - 

572 


563 714 - 413 

334 456 - 413 

203 220 - 183 

120 128 - 112 

144 171 - 125 

78 94 - 67 

1220 ISIS - 970 

642 875 - 490 


The anteromedial cusp is roughly triangular in shape and, in our experi¬ 
ence, its free edge has never been found split. 

It is the only dividing strnctnre between the mitral and the aortic orifice. 
Directly inferior to the aortic canal, it constitutes an integral part of the 
outflow tract of the left ventricle. Due to this anatomic location, a considerable 
portion of its function is believed to be the direction of the flow of hhod toward 
the aorta This has been described by Harken-*- = as the aortic baffle. In other 
words the leaflet apparently acts as a watershed which deflects the blood toward 
the aorta in the ejection phase of the ventricular contraction. 
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Close anatomic observation of the normal heart as well as experimental 
investigation of the valvular function would not he in favor of this view. The 
leaflet has the greatest importance in the closure of the mitral valve, but it 
has no baffling action on the blood flow. Indeed, the blood driven forcefull.v 
from the inflow into the outflow tract has no other outlet but the aortic orifice, 
since the mitral valve is, at this stage of the systole, hydraulically closed. Tlie 
physiologic lines of progression upon which the blood is forced out into tlie 
aorta run directly from the apex of the heart to the aortic canal. The con¬ 
tribution of the anteromedial leaflet to the formation of these lines of direction 
is certainly not greater than that of the interventricular septum or the anterior 
left ventricular wall. The last mentioned two structures together ivith the 
septal cusp constitute the walls of the outflow tract of the left ventricle. If a 
defect is produced in the aortic leaflet, as it was in the case of the famous 
patient of Dr. Adam,® or as it is possible to do in experimental surgery, 
a great valvular incompetence ensues since here there are no compensatory 
mechanisms likelj' to limit the mitral reflux. Likewise, a defect of the inter¬ 
ventricular septum will permit an escape of blood into the right ventricle. 
The two situations, the mitral reflux .and the escape of blood through an inter¬ 
ventricular septal defect, are indeed dj'namically analogous since both are 
governed mainly by the intraeavitarj' pressure. On the other hand, the muscular 
fibers of the outflow tract appear to play an important role in giving a definite 
direction to the blood flow. This fact is demonstrated by the position of the 
left ventricle in the cases of prevailing hypertrophy of the left ventricular 
outflow tract.’ 

The Posterolateral or Ventricular Leaflet .—The smaller ventricular leaflet 
is not as important as the aortic leaflet, but by no means should it be disregarded 
in the mechanism of valve clo.sure. This is confirmed by experimental and 
clinical facts. The posterolateral cusp is roughly equal to one-third of all the 
valvular tissue surface area. Its breadth at the line of insertion is onl.v a few 
millimeters less than that of the aortic leaflet, while its height is almost one-half 
that of the anteromedial cusp (Table I). The contour is usually quadrangular 
with sloping sides and its free edge is often notched. However, the notching is 
seldom deep enough to be mistaken as a cleft separating the posterolateral 
leaflet from an additional cusp. The importance of the ventricular leaflet in 
the closure of the normal mitral valve seems to have been generally under¬ 
estimated. 

It was originally Marc S&, a French physiologist, who, in 1875, thought 
that the complex mechanism of the normal mitral valve function could bo simply 
described as an unpretentious or moderate systolic and diastolic swinging 
movement of the septal leaflet.® According to See, the contraction of papillary 
muscles would cause the anteromedial leaflet to act like a “curtain sti’ctching 
obliquely from-the right half of the mitral ring and across the orifice, which 
would remain entirely hidden.” At the same time, the posterolateral ventricular 
wall “would march” toward the septal leaflet and come into contact with its 
free margin. In diastole, the aortic leaflet would .swing back opening the valve. 
Consequently, the ventricular leaflet appeared to bo a wortl'” as 
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far as the mechanism of the mitral valve closure was concerned. The peri- 
valvular space was thought to be entirely obliterated in systole by the posterior 
ventricitlar wall moving toward the aortic cusp. 

This old and forgotten theory has recently been revived by Harken and 
co-workers,^’ ® and Gorlin and Dexter,® with the additional notion by Harken 
that “the posterior leaflet is squeezed and buttressed by the posterolateral wall 
of the left ventricle in systole (Fig. 3). In diastole, the myocardium svnngs 



<>_rintsiirp of normal mitral valve according to the theory of Marc 

lateral leaflet. 


away from the normal veil-like posterior mitral leaflet.” Brock« has a so 
admitted that this mechanism of closure may well happen sometimes. It was 
on account of this idew that Harken* operated upon his first patient vn 


unsatisfactory results. 

We have tried to evaluate the anatomic and functional importance of t le 
ventricular leaflet with experimental, morphologic, and clinical obsemmtions. 
From our investigation, it would appear that the theory of See and Har en 

can hardly be supported. _ ^ , 

In the first place, the digital exploration of a normal human mitral Vc 

by one of us (M. A. C.), in a mistaken preoperative f "“T"; 

revealed a remarkable bUlowing elleet of the ventncular 
+ •-.nrr, liad boon felt in the horse’s heart many years ago b\ the Tie 

a ritmt ^ ua M been _ mnltieoneave.”” The Tentrieular 

phys.olog.st Chat eau. ^10 J 

leaflet eonid be fo e d ouY ^ 

into t le pent yentrictilar tvall being pushed against and buttressing the 

beprodneea bythe tentnetflm Wlooned-out 

posterolateral leaf! • resilience like that of squeezing a 

ventricular ea e P liardly be felt were the muscular tvall responsible 

fluid-filled bag ivhich would haraij 



Volume J2 FUNCTIONAL ANATOMY OP IIITEAL VALVE 585 

Numbers 

for the bulging. In addition, this same maneuver causes an immediate mitral 
reflux, which further suggests that the perivalvular space is not obliterated in 
systole. 

Second, the chordae tendineac of third order, which constantly connect the 
ventricular leaflet with the ventricular wall, would bo devoid of any importance 
if we were to admit tliat the heart wall buttresses the leaflet. As we will 
describe in more detail later, these chordae are there to prevent the eversion 
of the leaflet when tlie systolic thrust forcefully distends it with blood. 

And third, even though the cxjfloring finger in the heart of a dog gives 
one the impression of the myocardial wall supporting the ventricular leaflet, 
a defect in this cusp tends in no waj' to be closed and causes a prompt regurgita¬ 
tion. This would not be the case if the closure of the mitral orifice were due 
only to the apposition of the septal leaflet to the posterior ventricular wall. 
Other reasons why we cannot subscribe to the See and Harken theory have been 
discussed in previous communications.'-" 

The regurgitation produced by a preponderant damage of the posterolateral 
leaflet is by no means of less danger to the patient, as would be the case if the 
above assumptions were entirely correct. The Jlayo Clinic group has recently 
reported two peculiar cases of mitral insufficiency.’”' The first patient, a 52-year- 
old man, developed mitral incompetence as the result of rupture of the chordae 
tendineae of the ventricular leaflet and died in infraotablc cardiac failure one 
year after the episode. In the second patient, a 43-ycar-old rheumatio woman, 
a subacute bacterial endocarditis had healed producing a fusion of the postero¬ 
lateral leaflet with the ventricular wall. Thirteen months later the patient died 
in intractable cardiac failure. These two fatal eases of mitral incompetence 
due to isolated involvement of the ventricular ensj) indicated, by the rapidly 
declining clinical course, the great importance of this leaflet in the mechanism 
of valve closure. It sliould be borne in mind that Adam’s patient, with a hole 
in the aortic cusp fi-om a bullet, began to feel ill effects four years after the 
attempted suicide and lived six more years. 

Junctional Tissue and Accessori/ Cusps. —The two major cusps arc joined 
to each other at either extremity by a cuff of valvular tissue which we may call 
junctional tissue. This junctional tissue often becomes differentiated into one 
or two minor cu.sps. These are termed anterior and posterior accessoiy leaflets 
and separate the aortic from the ventricular leaflet at either extremity (Figs. 
2, and 4, A and B). 

Considerable controver-sy exists regarding the incidence of oceurrence of 
these additional cusps as well as upon their importance from tlie physiologic 
and pathologic standpoint. 

Many textbooks of anatomy' claim that the two major leaflets are “ordi¬ 
narily” (Testut"), “usually” (Quain,”' Gray','" Chiarugi”), “some times” 
(Bertelli,’® Poirier-Charpy’“), separated at each of their exti-emities by the 
presence of small projections of valvular tissue. Many others say that the 
major leaflets are continuous with each other by means of a short cuff of tissue 
(Morris,'” Brazier,'’ Sappey," Gegenbaur," Valenti"). However, we could not 
find any details as to the frequency' of occurrence, importance, and size of the 
additional cusps or junctional tissue. 
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far as the mechanism of the mitral valve closure was concerned. The peri- 
valvnlar space was thought to be entirely obliterated in systole by the posterior 
A'entricular Avail moA’ing toward the aortic cusp. 

This old and forgotten theory has recently been revived by Harken and 
co-Avorkers,^' ® and Gorlin and Dexter,® Avith the additional notion by Harken 
that “the posterior leaflet is squeezed and buttressed by the posterolateral Avail 
of the left A-entricle in systole (Fig. 3). In diastole, the myocardium SAAungs 



Fig-. 3.—Closure of normal mitral valve according to the theory of ’ which 

by H£rken. The anteromediai ioaflet acts like a "curta n” stretching ^h® 

remains entireiy hidden. The posterior ventricular wall moves in and buttresses the pos 
lateral leaflet. 


aAvay from the normal veil-like posterior mitral leaflet.” Brock^" has also 
admitted that this mechanism of closure may Avell happen sometimes. It Avas 
on account of this vicAV that Harken'^ operated upon his first patient AAut 


unsatisfactory results. 

We have tried to evaluate the anatomic and functional importance of the 
ventricular leaflet Avith experimental, morphologic, and clinical obser^tions. 
Prom our investigation, it would appear that the theory of See and Har'en 


can hardly be supported. ^ 

In the first place, the digital exploration of a normal human mitral 
by one of us (M. A. C.), in a mistaken preoperative diagnosis of mitral stenosis 
revealed a remarkable billoAAdng effect of the ventricular leaflet toAvard t le 
atrium This had been felt in the horse’s heart many years ago by tlie i. 
physiologist Chauveau, who spoke of “ahme moWconcave.”*' The 
leaflet could be forced out into the atrium only by the blast of blood sqi 
into the perivalvular space, like the wind fills out a sail. The- same cou 
be produced by the ventricular wall being pushed against 
posterolateral leaflet. Moreover, the d^ital pressure ori , 

ventricular leaflet produces a feeling of resilience like that 
fluid-filled bag AA'hich would hardly be felt were the museu ar a 
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foi the bulging In addition, tins same manouier causes an immediate mitral 
ieflu\, which fiirthei suggests that the petuahulai space is not obliterated m 
sj stole 

Second, the ehoidae tendiiieae of thud order, which constantl} connect the 
\entriculai leaflet uitli the lentrieulai wall, would be deioid of anj importance 
if we were to admit that the heart wall butticsscs the leaflet As wo will 
describe in moio detail latei, these clioidae aie there to pieient the e^ereion 
of the leaflet when die ststolie thrust foreefulh distends it with blood 

And third, eicn though the e\ploiing fiiigei in the heart of a dog giies 
one the impression of the niiocaidial wall suppoiting the veiitiicular leaflet, 
a defect in this cusp tends in no w,ij to be closed and causes a piompt regiirgita 
tion This would not be the case if the elosme of the mitial orifice were due 
onlj to the apposition of the septal leaflet to the posterioi lentiiciilar wall 
Other reasons whi we eaiuiot subsciibe to the See and Haiken theory have been 
discussed in piovious eomniunieations ' 

The regiiigitation produced bj a picpoiideiaiit damage of the posterolateral 
leaflet IS bi no means of less danger to the patient, as would be the case if the 
aboie assumptions weie entiielv coirect The llaio Cbnio group has recentlj 
reported two peculiai cases of mitral insufficiencj Tlie first patient, a 52 jear 
old man, deieloped initial ineoiiipctcnee as the icsiilt ot luptiire of the choidae 
tendineae of the lentiieulai leaflet and died in intiactable caidno failure one 
jear after the epmode In the second patient, a 43 rear old iheumatic woman, 
a subacute baefciial endocaiditis had healed piodiicing a fusion of the posteio 
lateral leaflet with the lontrieulai wall Thirteen months latei the patient died 
in intiaetable oaidiac failure These two fatal cases of mitial inoompetenee 
due to isolated imolvement of the \cntriculai cusp indicated, by the lapidlj 
declining clinical couise, the great impoitance of this leaflet in the mechanism 
of lalve closuie It should be boine in mind that Adam’s patient, with a hole 
Ill the aortic cusp fiom a bullet, began to feel ill effects four jears after the 
attempted suicide and Incd si\ inoic icais 

Junctional Tissue and Accessonj Cusps —The two majoi cusps aie joined 
to each othei at eithei cxtremitj bj a cuff of i ah ular tissue w Inch we may call 
junctional tissue This junctional tissue often becomes diffeientiated into one 
01 two minor cusps These are tciined anterioi and posteiioi aecessoij leaflets 
and separate the aortic from the icntiiciilai leaflet at either ertremitj (Figs 
2, and 4 A and B) 

Consideiable eontioieisi c\ists legaidmg the incidence of occurience of 
these additional cusps as well as upon then impoitance from the phjsiologie 
and pathologic standpoint 

Mam textbooks of anatonij claim that the two majoi leaflets are “ordi 
iniilj ” (Testiif'*), “usiiallj” (Qiiain,’'-’ Grai,"' Chiariigi”), “some times’’ 
(Bertelli,'® Poiiiei Chaipi'“), scpaiatcd at each of then extiemitics bj the 
picscnce of small projections of lahular tissue JIam otheis s-ii that the 
majoi leaflets are continuous with each othei bj means of a short cuff of tissue 
(Morns,"'’ Braziei,"' Sapper,” Gegenbaur,"^ Valenti"*) Iloweier, we ’ not 
find anj details as to the frequency of oeeurienee, importance, and 
additional cusps or junctional tissue 
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Kecently in the nahe of intciest aroused bj mitral -vahe singeij, tno 
gioups of workers hare imestigated the anatomy of the noimal mitial ralve 
As to the ocennenee of accessoi-j cusps, the fignies gnen bj these authors aie 
rvell apart from each othei 

Ilaiken and his colleagues"' state that in 75 pei cent of 35 normal heaits 
studied, the mitral \ahe pattern was that of “four tiiangulai leaflets airanged 
ciicumferentiall 3 ’’ ” That is, the presence of two majoi leaflets plus two 
additional triangular projections uhich thej called “anteiioi and posteiioi 
commissural leaflets ” In tlio remaining 25 pei cent, raiiation uas principally 
111 tlie size and shape of the r cnti iculai leaflet in relation to the tu o commissural 
leaflets In opposite viens, Rusted and associates,' on the basis of observations 
made on 100 noimal hearts, state tliat “m 5 of the 100 hearts there ueie veir 
tiny projections ■nhich conecnablj could be called ‘aecessorj cusps’ at one or 
both commissuial sites ’’ 

"With the hope of piesontiiig a contribution to the solution of this con 
troieisial mattoi, we studied the rate of occuirenee of these additional cusps 
and their importance in the function of the ralie as uell as the impoitance of 
the junctional tissue in the cases without additional cusps 

Table III contains the data collected from our investigation In 41 noimal 
mitral valves (39 0 per cent), there weic no aceessoiv cusps and at then bases 
the major leaflets ueie continuous vntli each other by means of the so called 
junctional tissue Of the lemaining 64 mitral valves with accessoij leaflets, 
22 had both anteiior and posterioi accessory, 30 had only the antorioi and 12 
only posterioi Rusted and associates state that “fiecjuontlj the posterior 
cusp IS notched, and it is possible that othci obseners have considered one of 
those subdivisions of the postcnor cusp as sepaiating the main portion of the 
anteiioi and posterioi cusps” This is a possibility to be seiiouslj considered 
In our experience, hovvevei, the posterior leaflet was seen to bo notched in such 
a waj' as to be the souice of confusion onlj thice times In these cases, the 
location of the false accesson leaflet left no doubt as to its relationship to the 
posteiioi leaflet In othei cases, the indentations on the fiee edge of the 
ventiiculai leaflet weie not deep enough to produce the impicssion of an 
additional cusp 


lABLE III The FitQUFNcv or AciEssoiv Leafiets inNokmal vim m Vaivf (105 Hi irrsj 



1 CASES 

1 PEE CENT 

Mitril valve TMth anterior and posterior accessor-v leaflets 

o > 

20 0 

Mitral vahe ^\itli anterior acce«*-5or> leaflet 

^0 

2sn 

Mitral ^ahe with posterior acces«Ior^ leaflet 

12 

11 0 

Mitral vahe without acce^sorj leaflets 

41 

•’0 0 

total 

lOo 

100 0 


Pig 5 shows tliiee noimal mitral valves eaicfulb removed fiom then 
attachments to the atrioventricular annulus and to the ehoidac tendmeae The 
heart has been opened from the posterior aspect of the left ventricle and therc- 
foie the ventiiculai leaflet has been divided in two poitions located at eithei 
evtiemitv of the valve The drawing was obtained bv passing a tracer around 
the boundai.v line of the valvular tissue placed over a piece of cardboaid The 

,r *■ 
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p’eatest care was taken in preserving the same dimensions found on the valve 
in the opened heart. The valve A has four cusps, the valve B has three cusps, 
the valve C has only two major leaflets. Pi’om the drawing it can be concluded 
that the posterior junctional zone is considerably smaller than the anterior, 
whether or not it is differentiated into an accessory cusp. 

Prom Table III it can be seen that an accessoiy leaflet was at the anterior 
junction zone in 50 per cent or 52 cases, Avliile in the posterior half of the valve 
an additional cusp was found in 32 per cent or 34 eases. This would indicate 
that an accessoiy leaflet is absent in more than two-thirds of individuals at the 
posterior junctional zone. The data obtained by planimetrie integration of the 
anterior and posterior accessory cusps (Table II) show that the posterior minor 
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Fig:. 5.—Mitral tissue of throe normal mitral valves. A, Mitral valve with four leaflets. 
B, Mitral valve with two major leaflets and the anterior accessory cusp. G, Mipal valve '"■yh 
two major leaflets and no accessory cusps. The posterior junctional tissue is considerably 
smaller than the anterior, whether or not it is differentiated in an accessory cusp. (From 
Chiechi and Bailey; La Valvola Mitrale, Courtesy “11 Pensiero Scientifico, Editore,” Rome, 
Italy, 1954.) 


cusp surface area is consistentI.y smaller than tliat of the corresponding anterior 
minor cusp area. When the latter is absent, the posterior minor cusp is even 
smaller than the anterior junctional tissue. In addition, the linear measure¬ 
ments listed in Table I reveal that the height and the breadth of the minor 
anterior leaflet are always greater than those of the posterior minor cusp. The 
same findings are obtained by investigating the surface area of the junctional 
tissue. Here again, the posterior junctional tissue was found to be consistently 
smallei’ than the corresponding anterior (Table II). Prom these premises it 
Avould seem logical to conclude that the posterior junctional zone is the weakest 
point of the mitral v^alve from the functional standpoint. 

This can easily be proved in a noi’mally beating human heart during a 
ventricular contraction. By inserting the index finger at the level of the 
posterior extremity of the line of closure a powerful regurgitant jet is promptly 
obtained. The identical maneuver anteriorly does not produce the same prompt 
result. The wealth of valvular tissue permits a greater degree of mutual 
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surface contact of the leaflets at the anterior extremity of the valve orifice 
(Fig. 6, A and B). The valve closure is more solid and valvular incompetence 
is less readily produced. On the eontraiy, the relative shortage of the valvular 
tissue at the posterior junctional zone brings about a lesser degree of sui'face 
contact of tlie leaflets. The valve closure, competent under normal conditions, 
is made promptly incompetent by the simple maneuver ve have described. 

This peculiar anatomic situation may have a bearing upon the observed 
preponderance of the localization of rheumatic valvular incompetence at the 
posterior portion of the mitral orifice. The healing fibrosis, conse(]uent to a 




Fjfr. G. — A. Section of normal mitral valve through the anterior papillary museJe during 
ventricular systole. There Is a great degree of mutual surface contact near the anterior 
extremity of the line of closure. B, Samo section through the posterior papillary muscle 
showing a lesser degree of surface contact near the posterior extremity of the line of clo.'sure 
(Prom Chlechl and Bailey; X-a Valvola MltraJe. Courtesy "II Penslcro Sclentiflco, ndltore," 
Rome, Italy, 1964.) 


rheumatic valvulitis, could easily destroy the few millimeters of deptli of the 
posterior junctional tissue. Tliis would be more so if the rheumatic process was 
predominantly in this region. Tlie production of a eommissnro would not take 
place, because the inteiTcning defect would make impossible the fusion by 
adhesions of tlie opposite leaflets at this level.'- “ 

The function fulfilled by the junctional tissue and/or tlie minor accessory 
cusps in the normal mitral valve is that of suppljdng valvular tissue at either 
e.xtremity of the major valve leaflets. Tlie peculiar configuration of the major 
cusps with their sloping side requires the presence of additional valve tissue in 
order to attain a taut valndar closure at each e.xtremity of the lino of closure. 
It should be borne in mind tliat the closure of the normal mitral orifice is 
brought about not merely by an edge-to-edge contact of the valve cusps, but by 
a considoi-ablo degree of mutual contact along strips of the atrial surface of 
the leaflets. The latter process would not be po.ssihle without the additional 
valvular tissue of the junctional zone. This can easily he proved by a inodifiod 
Lueiaiii test: If in a normal heart, the left atrial wall is removed, ,1'- 
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•cicr 7 'The mitral leaflets are floating on the water surface. The i'®’'tncular cavity 
is ailofi flT[;? with wlti? The divided atriai walls are fixed with sutures to a circular 
suppOT?. The aorta and pulmonary arteiy openings are obstructed with corks. 



Fig. 8--Coniplete closure of the mflral valv^'vhen 
forceful jet of water (Luciani tesr;. 
valve with four cusps. 
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obstructed with a big cork and the ventricular cavity is almost filled with water, 
the valvular cusps are seen to float on the surface in the position of incomplete 
closure (Fig. 7). A sudden and forceful jet of a few cubic centimeters of water 
in the direction of the longitudinal axis of the ventricle brings about for a 
moment the complete closure of the valve orifice (Lueiani test)=“ (Fig. 8). 
When the junctional zones are removed, even though the remaining valve cusps 
float on the surface, the further forceful introduction of uater is almost without 
any effect (Pig. 9). The removal of the junctional zones makes impossible the 


n—The accessoiy cusps have been lemovcd. The vater pour.s out or the ventric¬ 
ular civlty throulh the defects anil the major valve IcaOehs never come Into contact 
U’lth each otiier. 



formation of the centrifugal eddy currents to which the temporary valve closure 
is due. Consequently, the water pours out of the cavity through the defect at 
both e.xtremities of the line of closure. The procedure is likewise unsuccessful 
when the jnnetional zone of a dead heart is cut only radially, from its fiee 
edge to the valve ring. The two divided portions never come into contact thus 
permitting the escape of water through the dividing lines. The last procedure 
can be easily performed on the living heart of a dog. Here again, the result 
is valvular incompetence of a moderate degree. One of us (M. A. C.) has re¬ 
peatedly created vahular incompetence in the e.xponmental animal using the 
original Bailey hook knife. The dcgi-ee of this incompetence has imfortunately 
not been recorded. 

Because of tl.e importance of the junctional tissue in the mecl.anism of 
valve closure as just described, wc nreft^^mmon that the eommi^urotomy,,. 
whether by separating tlie commissu* ' ' ciitting thorn , 
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The^'dlvfded^ atr aVe*' fixeff witli^utuPs‘to"a 

Liipp^t The aorta and pulmonary arteiy openings are obstructed with corks. 



forceful jet of water (Luciani lesi;. 
valve with four cusps. 
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obstructed witli a big cork and the ventricular cavity is almost filled with water, 
the valvular cusps arc seen to float on the surface in the position of incomplete 
closure (Pig. 7). A sudden and forceful jet of a few cubic centimeters of water 
in tlie direction of the longitudinal axis of tiic ventricle brings about for a 
moment tlie complete closure of the valve orifice (Luclani test)-® (Fig. 8). 
When the junctional zones are removed, even though the I’emaining valve cusps 
float on the surface, the further forceful introduction of water is almost without 
any effect (Fig. 9). The removal of the junctional zones makes impossible the 



Fiff. 9.—The accessory cusp®? have been ieino\cd. Tlie water pours 
ular ca\ily through the defects and the major vaHe leaflets nevei 
with each otlier. 


out of the \entric- 
come into contact 


formation of the centrifugal eddy currents to which the temporary valve closure 
js due. Consequently, the water pours out of the cavity through the defect at 
^^oth extremities of the line of closure. The procedure is likewise unsuccessful 
vhen the junctional zone of a dead heart is cut only radially, from its free 
edge to the valve ring. The two divided portions never come into contact thus 
permitting the escape of water through the dividing lines. The last procedure 
ean bo easily performed on tlie living heait of a dog. Here again, the result 
is valvular incompetence of a moderate degree. One of us (M. A. C.) has re¬ 
peatedly created valvular incompetence in tlie experimental animal using the 
original Bailey hook knife. The degi’ee of this incompetence has unfortunately 
not been recorded. 

Because of the importance of the Junctional tissue in the mechanism of 
valve closure as Just described, we are of tlie opinion that the commissurotomy, 
whether by separating the commissures with the finger or by cutting them apart 
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with a knife, should never reach the mitral ring. The opening obtained by 
ariesting the procedure a few millimeters from the mitral annulus is usually 
satisfactory. By enlarging it up to the atrioventricular ring, the patient is 
exposed to the danger of valvular incompetence which is genei’ally serious in 
a heart with mitral stenosis and a limited myocardial reserve. We have seen 
the production of a regurgitant jet many times following the last stroke of the 
finger or the knife, especially while woi’ldng on the posteromedial commissure. 

The last discussion brings up the still unsolved matter of the commissures 
in a noi’mal heart. We believe that in the normal mitral valve there are no 
commissures. The textbooks of anatomy and the current medical knowledge 
are consistent in teaching that the miti’al valve is a strueture made up by two 
leaflets and two commissures at either extremity. Recently Rusted and co- 
workers^ insisted upon the matter and, in agreement with the classical teach¬ 
ing, have designated as the commissures of a normal mitral valve, the normally 
existing junctional tissue. 

Lending support to this view, it would be interesting to know where the 
commissures should be located in those eases with one or both accessory cusps 
and no junctional tissue. jMoreover, close observation of a noimal mitral valve, 
from the atrial and ventricular aspect, reveals a continuous veil of vahmlar 
tissue inserting around the circumference of the mitral orifice without any trace 
of commissure in the Latin sen^-e of this word. The Latin “commissura” means 
joint or juncture. A joint requires connective tissue in various degrees of 
organization. In the case of a normal mitral valve, the junctional tissue is 
anatomically and histologically not different from the rest of the valvular tissue. 
On the other hand, when a rheumatic infection has taken place in the valve, the 
fibrous tissue reaction leads to the fusion of the opposite cusps and produces a 
commissure. For these reasons, it is difficult for us to justify the validity of 
the classical rtew. Consequently, the commissure ought to be considered as a 
phenomenon, uniquelj^ and exquisitelj^ pathologic. 

Ghordm Tendineae .—The atrial aspect of the normal mitral valve is a 
smooth, glistening surface which makes up the floor of the left atrium during 
ventricle systole. The ventricular aspect instead is somewhat irregular, because 
of the insertion of the chordae tendineae. 

The chordae tendineae are tendinous, stringlike structures connecting the 
valvular tissue to the papillaiy muscles or to the ventricular myocardium. The 
former, distinct in chordae of firet and second order, according to the accepted 
terminology, could be considered the tendons of insertion of the corresponding 
papillary muscle; the latter, chordae of third order, are shorter bands that 
directly connect the valve, mostly the ventricular cusp, to the ventricular wall. 

From each papillary muscle the chordae tendineae spread out like the sticks 
of a fan to the corresponding halves of both major valve leaflets and to the 
junctional tissue and/or to the aceessorj- leaflets in between. Taken together, 
the valve and the two fanlike arrangements of chordae could be likened to a 
parachute. Only occasionally has there been found a very thick chorda con¬ 
necting the anterolateral muscle directly with the mitral ring. 
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Tlie clioi’dal attachment does not include the atrial asi)ect of the leaflets. 
The central portion of both major valve leaflets and the ventricular aspect of 
the aortic leaflet are likewise devoid of ehordac. 

The chordae tendineae of flrst order are inserted on the free edge of the 
leaflets. Thej' are tenuous, threadlike structures, usually smaller and thinner 
and more numerous than the chordae of second order. They are frequently 
branched and connected with adjacent chordae bj' delicate anastomosis. Often 
they insert on the free margin of the cusp by a process of dichotomy and the 
two resulting branches are held together by a very thin membranous expansion 
of vah’ular tissue. 

The function of these marginal chordae is that of preventing the eversion of 
the free margin of the leaflet into the cavity of the left atrium during ventricular 
systole. 

The chordae tendineae of second order are thicker and are inserted on the 
ventricular aspect of the cusp at a short distance 0.3 to 0.6 cm. from the free 
edge. They end at almost regular intervals in endocardial folds but often run 
through the substance of the valve up to the atrioventricular ring as mentioned 
earlier. 

In 71 per cent of the normal hearts studied in this series, it has been 
possible to observe chordae tendineae of second order, slightly thicker than the 
other, arising from the very top of the papillary muscles and inserting at each 
extremity of the central portion of the aortic cusp. An analogous pattern is 
lacking on the ventricular leaflet. 

It is usually taught that these chordae going from the papillary muscles 
to the central portion of the anteromedial leaflet are very important in maintain¬ 
ing the competency of the mitral valve. Brock has even offered a pathogenetic 
theory of mitral stenosis, very debatable indeed,' based on the importance of 
the primary attachment of chordae tendineae that he calls “critical areas of 
tendon insertion.”'” 

It seems to us that the functional meaning of those chordae inserting at 
the central portion of the aortic leaflet is that of holding steadily and firmly 
the cusp during ventricular systole. In addition to that, they have the task of 
limiting the amount of ballooning of the leaflet toward the atrium. The 
enormous intraventricular systolic pressures, which tend to invert the cusp 
into the atrium, are efficiently offset by these tendons with great tensile strength. 

It is well to remember that the aortic leaflet is the largest mitral cusp and yet, 
it has no chordae tendineae of third order. The function of these last fibrous 
bands seems to be essentially that of anchoring the cusp and preventing its 
inversion into the atrium during the ventricular contraction. It would be 
difficult to explain differently the immediate purpose of these short, broad 
tendons, stretching across the perivalvular space and joining directly the 
valvular tissue with the ventricular wall. 

The insertion of the chordae tendineae of third order concerns mostly the 
ventricular leaflet, because the junctional tissue and the accessory leaflets are 
directly connected to the ventricular wall only rarely. This, we believe, shoultL-,,,^ 
be the reason why the aortic leaflet has thicker chordae tendineae ‘ - C». ' 
the top of the papillary muscles to its central portion,"While ft- 
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cusp does not. The amount of pressure which the aortic leaflet must sustain 
during ventricular contraction is greater than that of the ventricular cusp. 
In spite of the fact that the pressure is evenlj- divided on every square unit of 
the ventricular cavity, the aortic cusp, being larger than the ventricular, has to 
support a greater proportion of strain. 

Papillary Muscles .—The papillary muscles are the last components of the 
initial lalve apparatus. They belong to the system of eolumnae carneae of the 
heart and are the only eases of eolumnae carneae of first order. They originate 
fioni the ventricular wall and lie between the major mitral leaflets directly 
inferior to the valve junctional zone. Their location is anterolateral and postero¬ 
medial in the inflow tract of tlie left ventricular cavity. At their base the 
muscles are joined by eolumnae carneae of second and third order whose con¬ 
traction brings the two muscles close together in systole. 

Each chordal fan originates mainly from the apex of each papillary muscle 
and extends to the corresponding hah'es of the mitral major leaflets. 

The papillaiy muscles may be single, double, triple, or even formed by 
more than three muscles. The results of our investigation on this anatomic 
aspect of the papillary muscles are not too different from those of Busted and 
colleagues (Table IV). The muscle with an apex, only slightly or not at all 
grooved, was considered single. Two muscles or a muscle with two heads was 
considered double. Three muscles or a trifid muscle was considered triple. 


Table IV. Types of PAPiLLAnv Muscles in 105 Normal Hearts 


types of papillary muscles j 

1 ANTEROLATF.RAL MUSCLES 

1 POSTEROMEDIAL MUSCLES 

CASES 

1 PER CENT 

1 CASES 

j PER CENT 

Single 

87 

82.S 

31 

29.5 

Double 

15 

14.3 

57 

54.3 

Triple 

3 

2.9 

1 12 

13.4 

More than three 

- 

- 

I 5 

4.S 


Slore than four-fifths of the anterolateral papillary muscles proved to be single, 
while more than two-thirds of the posteromedial muscles were multiple. As 
pointed out by Rusted the most frequent combination was that of a single 
anterolateral muscle "with a double or triple posteromedial papillaiy muscle, 
occurring in our series in almost two-thirds of the cases. Occasionally, the 
accessory cusps have their chordal attachments on an independent small muscle 
head at the anterolateral and posteromedial sites. 

Another aspect of the anatomy of papillary muscles which has been 
investigated is that of the possibility of their becoming interlocked into one 
another during ventricular systole. The old anatomists thought that in systole 
the usually single and round-shaped anterolateral muscle could approximate 
and occupy the hollow formed by the usually multiple posteromedial muscle. 
It was entertained also that the posteromedial muscle was placed in such a way 
on the posteromedial wall of the heart as to offer a hollow sui'face to the anteio- 
lateral muscle. This nice and elegant view, on which Lutemlmeher has also 
written,^' would not be given support by our work. Table V lists the data 
on the inner surface of the papillary muscles; that is, the surface facing the 
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Table V. Types or Inner Surface of Papilukt Muscles in 105 Normal Hearts 


TYPES OF PAPILLARY 
MUSCLES 

1 ANTEROLATERAL MUSCLES 1 

[ POSTEROMEDIAL JIUSCLES 

CONVEX 1 

CONCAVE 

CONN’EX i 

CONCAVE 

CASES [per CENT 1 

CASES 1 PER CENT, 

CASES [ PER CENT | 

CASES [PERCENT 

Single 84 80.0 3 2.8 

Double 8 7.7 7 6.8 i 

Triple 1 0.9 2 1.8 

31 29.5 

15 14.3 41 39.0 

4 3.8 14 13.4 


long axis of the left ventricle. It can be seen that in 50 of 105 normal hearts, 
the inner surface of the posteromedial muscle was convex instead of being 
concave as would have been the ease if the above-mentioned view was entirely 
correct. It can be reasonably expected, however, that the muscles come into 
mutual contact in systole, even though their arrangement does not appear to be 
set for an interlocking contact in the sense that the early anatomist described. 

CLOSURE OP THE NORMAL MITR.VL VALVE 

Considering the valvular tissue surface area as a whole in relation to the 
mitral orifice area, it is of interest to observe that the former, by and large, 
exceeds the latter. The relationship between the two areas is, according to our 
investigation, very close to 2 to 1 in many cases. In a few cases the relation 
is 1.5 to 2, but never is it less than that. In other words, there is always an 
excess of valvular tissue in relation to the area of the orifice. The difference 
becomes oven greater in systole because of the sphincterlike action of the atrio¬ 
ventricular ring which further reduces the orifice’s area. The closure of the 
mitral aperture is therefore the tautest possible, because the valve leaflets not 
only meet at their free margins, but they come into very extensive .mutual eon- 
taet along most of their atrial surface. 

We can visualize well the mechanism of closure of the normal mitral orifice 
by the valve leaflets as a process involving three succeeding phases. At first, 
the leaflets meet edge to edge; then, under the progressive contraction of the 
myocardial fibers and the increased intraventricular pressure, the chordae 
tendineae are pulled while the cusps come into surface contact, ballooning to¬ 
ward the atrial cavity; in the last phase, the mutual surface contact between 
the leaflets becomes more and more extensive, so that when the blood is forced 
out into the arota by the contraction of the deep circular muscles of the heart, 
the leaflets are disposed against each other in an almost vertical position 
(Ijuciani). 

The mechanism of valve closure, far from being so simple, is the result of 
complex interaction of the various components of the valve apparatus and the 
ventricular and atrial myocardium. 

Hydrodynamic pressure changes following the rapid inflow and atrial 
sj’stole would be entirely responsible for the first phase according to some 
authors (Hendei-son and Johnson,““ Little”-’"’). A modem version of this view 
is that bringing into play the Venturi effect at the time of rapid inflow when 
the valve is in the condition of incomplete closure (Kodbard”). Still some 
others believe that the production of turbulent flow and tlie'consequent forma¬ 
tion of eddies behind the cusps at the end of the atrial ' t drive the 
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mitral leaflets one against the other (Luciani). There are investigators, how¬ 
ever, who are of the opinion that the valve closure by atrial mechanism is 
incomplete and temporaiy (Dean,^^ 'W'iggers,^’^ Smith and co-workers-). 

The second phase of the mitral valve closure is simultaneous with the 
ventricular systole. The contraction of the superficial layers of myocardial 
fibers together with that of papillary muscles causes various events to take 
place. The atrioventricular ring reduces somewhat its circumference, the 
intraventricular pressure rises rapidly, causing a forceful pull of the chordae 
tendineae and the bulging of the valvular tissue toward the atrium. The mitral 
leaflets from the marginal contact of the first phase progress to a surface 
contact over a considerable portion of their atrial aspect at the end of this 
phase. 

When the intraventricular pressure exceeds the aortic pressure at the onset 
of the maximum ejection period, the valve closure is made perfectly hermetic. 
The contraction of the deep sinospiral muscle, embracing both ventricles at their 
base, and that of the deep bulbospiral muscle, encircling the mitral and the 
aortic orifice,®^ further decrease the circumference of the atrioventricular an¬ 
nulus. AVhilp the blood is being expelled into the aorta by the contraction of 
these muscles, the mitral leaflets come into mutual surface contact over almost 
all of their atrial aspect and may even reach a vertical position. The mitral 
orifice is brought down to a fraction of its original area by the constricting 
action of the deep circular muscles and the redundant valvular tissue is pulled 
down vertically. Tliis goes on for the maximum and reduced ejection periods 
up to the onset of diastole. With the opening of the mitral valve, the rapid 
inflow of blood sets the leaflets in a position of incomplete closure and the cycle 
starts all over again. 


summary and conclusions 

The purpose of our investigation was to study some of the features of the 
normal mitral valve, which have received only scant attention in the voluminous 
literature connected ^vith mitral valve disease. It was also our concern to 
assess the importance of these structures in the mechanism of mitral valve 
closure. The mitral valve apparatus was described in toto in order to present 
a clear outline of its functional anatomy. 

We found some widely accepted notions about functional anatomy of the 
mitral valve, which have not received support from our research. No anatomic 
or functional basis was found for the alleged baffling action of the aortic cusp. 
Neither was it possible to accept the theory that the mitral valve is closed by 
the sole action of the aortic leaflet, while the posterior wall of the heart 
buttresses the posteromedial leaflet. 

We believe that the importance of the ventricular leaflet in the mechanism 
of the valve closure is strictly proportional to the extent of its surface area as 
compared with that of the other portions of the mitral veil. If the ventricular 
cusp is to serve no useful purpose in the mechanism of valve closure, there 
would be no reason for it to be there. Furthermore, the notion that valvular 
incompetence ^vith the opening at the outflow tract of the left ventricle is more 
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serious tlian valvular iueompotenee due to isolated involvement o£ the ventricular 
leaflet, remains open to question. The seriousness of a regurgitant lesion is 
governed mainly by the sectional area of the defect and much less by its spatial 
orientation. The 2 cases from the Mayo Clinic, mentioned earlier, show con¬ 
vincingly the extreme gravity of a regurgitant lesion of the ventricular leaflet. 
It is true that compensatoi-y mechanisms may occur posteriorly, but these do not 
appear to be related to the posterior ventricular wall. 

A constituent of the mitral valve which needs to be better understood is 
the junctional tissue. It is frequently designated as a valvular commissure, 
but we have described the reasons for not accepting the term “commissure” 
when speaking of the junctional tissue in a normal mitral valve. 

In the diseased mitral valve, the commissures have the same location as the 
junctional zones in a normal mitral valve. However, these junctional structures 
make up only the deepest part of the commissures, i.e., the part closest to the 
mitral ring. 

Undoubtedly, the junctional zones are of considerable importance from the 
anatomic as well as the physiologic standpoint. As recently as 1924, Coombs®* 
theorized that the progressive shrinkage of the junctional tissue from rheumatic 
involvement was responsible for the production of mitral stenosis. 

Our study of the junctional zone in the normal mitral valve revealed that 
(1) the junctional tissue more often than not is differentiated in one or two 
minor cusps, succeeding in alternation to the major leaflets, (2) an accessory 
eusp is lacking more often posteriorly than anteriorly, (3) the amount of 
vah-ular tissue is smaller posteriorly than anteriorly, and (4) the junctional 
zone is essential to good function of the valve because its dinsion, in the experi¬ 
mental animal, causes a moderate degree of valvular incompetence. 

As a corollarj' to these findings, it follows that the posterior portion of the 
mitral valve is the least gifted with valvular tissue and therefore the weakest 
part of the valve. We believe that the observed preponderance of valvular 
incompetence at tlie region of the posterior commissure is piubably due to this 
shortage of valvular tissue in this region. The posterior junctional tissue could 
be destroyed by a rheumatic process more easily than the anterior which is 
richer in valvular tissue. AVe are of the opinion that no commissurotomy should 
ever reach the mitral ring, because of the importance of maintaining a cuff of 
valvular tissue to insure closure of the orifice. By splitting the valvular tissue 
up to the annulus, a fatal regurgitation might be produced. It is well known 
that a posterior commissurotomy more often is followed by a surgically produced 
valvular incompetence than is an anterior separation. If the operation has been 
adequate, that is, if the division has been in the line of the commissure, the 
production of incompetence could be explained only by the fact that the junc¬ 
tional tissue has been divided along with the commissure. This is much more 
easily done posteriorly because the posterior commissure is usually less deep 
than the anterior and the atrioventricular annulus is reached promptly by a 
stroke of the finger or of the knife. 
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PKOLONGATION OP SAFE PERIOD OP VENOUS INPLOAV OCCLUSION 
IN HYPOTHERMIC STATE BY CORONARY AND CAROTID 
ARTERY PERFUSION AVITII OXYGENATED BLOOD 
A Riberi, M D , P Grice, M D , R Rodriguez, M D , H Ivajikuri, M D , akd 
H B Shoaiacker, Jr , M D 
Indianapolis, I\d 

H elpful as hjpothcimm lias been as an aid for open caidiac suigery, it 
lias two piinoipal disadvantages Tlie fiist is eoneeined nitli increased 
mjocaidial iiiitability and paitieulailj nitli the hazaid of ventiiculai fibiil- 
lation In othei studies,^ “ ue liavc demonstiated that tins dangei can bo mini¬ 
mized by anesthetic infiltiation of the supeiior vena caval right atiial jiinetioii, 
by opeiative sympathetic dencuation of the lieait oi sjTiipathctic blochado 
with drugs and, as Montgomoiy and associates lia\c also demonstiated, bj 
stimulation of the light vagus ncivc Other woiKers have confiimed the effec¬ 
tiveness of anesthetic block of the vena caval light atiial junction*’” The 
othei disadvantage lelatcs to the relatively biief peiiod of venous inflow ocelli 
Sion compatible with locoveiy without ncuiologic damage This study is coii 
ceined with this pioblcm It deals with the effect of peifusiiig, with ovjgenated 
blood, the coioiiaij and carotid aiteiies 

IIATERIAL AND JIFTHODS 

Health) moagrcl dogs \\eighing between 6 and 13 Kg wore used TliC) \\erc aiics 
thetized b) the intravenous administration of from 2 to 4 c c of 10 per cent thiopental 
sodium, intubated and hyperventilated with 100 per cent oxjgcn b) means of an intermittent 
iiisufBatioii apparatus producing between 35 and 45 respirations per minute Tlic animals 
wcio cooled to a temperature of 30” C by immersion in a bath of water and crushed ice 
If sliiionng occurred, it was controlled b) administering, temporaril), a mixture of ether 
and ov)gen The animals were then remoicd from the ice bath and b\ the time the chest 
w IS entered the temperature had fallen an additional 3” to 5“ C 

TJio blood for infusion w is obt lined b) bleeding h)peio\\gcii ited normal dogs from 
the femoral arterj The blood was collected in \acuum bottles containing either 20 mg of 
heparin or a small amount of sodium citrate, utric acid, and dextrose Tlic blood w is with 
drawn just before each experiment and was stored, temporarily, in a refrigerator Xept at 
4” C, for twent) or thirt) minute** Tlic blood was grossly well ovjgenated In. some of 
the experiments, this artenalized blood was saturated further bj bubbling through it i 
jet of 100 per cent oxygen 

In each case, tlic right atrmi superior vena caial junction was infiltrated with 1 
per cent procaine solution until satisfactory slowmg of the heart occurred and the charnc 
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and the Indiana Heart I-oundation 
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tenstic disappearance of, or i eduction in loltage of, the electrocardiographic P iiave The 
injection was repeated every fifteen minutes -when heparinized blood iias used. It vas 
repeated just prior to release of vena caval clamps nhen citrated blood nas employed. 

The venae caiae nere occluded iiith Pott’s clamps and one minute later the aorta 
lias cross-clamped distal to the point of entiy of the perfusion catheter. Immediately after 
the perfusion uas begun, a 4 to 5 cm. right ventriculotomy incision was made. The animal 
was placed in Trendelenburg position. The right ventricle was kept empty of blood br 
aspiration. From twenty to thirty minutes later, the ^entriculotomy was repaired with 
a continuous suture of silk. The superior vena caval clamp was then released and two or 
three minutes later, the inferior vena caval clamp. 



Fi^. 1—^Drawing illustrating type of perfusion Oxygenated blood is delivered from a 
transfusion bottle suspended over heart, the rate of flow being regulated by manometrically 
controlled pressure within the flask 

During the perfusion, all blood lost was recovered by aspiration and measured care¬ 
fully. Intermittently, in cases of carotid and coronary perfusion, blood was allowed to 
escape through the opened heart while the superior vena caval clamp was momentarily re¬ 
leased in order to equalize the amount of blood perfused and that recovered by aspiration. 

The oxygenated blood was perfused at a rate of from 25 to 35 c.c. per mmute, by 
gravity flow, using manometrically controlled pressuie in the infusion bottle to regulate 
the speed of administration (Fig. 1). At the completion of the experiment, the perfusion 
catheter was removed. The stab wound in the aorta was closed with silk sutures, or the 
left subclavian artery was ligated. Tlie pericardium was approximated loosely. The chest 
wound was repaired. Catheters were left in the pleural cavity until rewarming had occurred. 
As soon as the chest wall was repaired, the animal was warmed to a temperature of approxi¬ 
mately 36° C. by immersion in a water bath kept at 45° C. The indwelling catheters were 
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then ^emo^ed after nspiratioa ^>^5 earned out The nnimal •\\as left in a ^^a^m room for 
the next sixteen to eighteen hours Two hundred thousand units of penicillin were ad 
ministered dailj for the first three or foui dnjs 

In tho«e experiments in which citrated blood w is used for pti fusion and the heart 
was in standstill, cardiac massage was instituted after release of the vena caval clamps 
Five cubic centimeters of a 20 per cent solution of calcium gluconate was injected into the 
right ventricle eitlier before or one minute after institution of cardiac massage ‘When 
heparinized blood was used and cardiac contractions were maintained, no calcium was ad 
ministered and massage was not earned out At the completion of the experiment, pro 
tamine was given, 1 5 mg for each milligram of heparin perfused 



FiE 2 ne 3 

Fig 2—^Drawing illustrating perfusion of coronarj arteries during "venous inflow oc 
elusion 

Fig 3—Drawing illustrating perfusion of coronar> nnd carotid arteries during venous 
Inflow occlusion 

Whenever ventricular fibrillation occurred in animals having recci\ed either citrated 
or heparinized blood, vigorous cardiac roaesage was begun immediately Unless fibrillation 
disappeared and sinus rhythm returned, massage was continued until the heart was of good 
color and the fibrillation strong In almost all cases, 1 c c of 1 to 10,000 epinephrine solution 
was administered into the light ventricle in order to strengthen the myocardial tone Three 
successive electric shocks of 170 volts and l/IO of a second duration were then applied 

Two groups of experiments were earned out In the first, the coronary arteries alone 
were perfused In these animals, the clicst vras entered through a riglit anterolateral fourth 
intercostal space incision A small polyethylene catheter with a flange on its end was xntro 
duced into the a'^cending aorta through a small «itab wound made in a portion of the aortic 
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excluded from the lumen by application of a curved Pott’s ductus clamp. 
Once the catheter was. in place, the clamp was removed and tlie catheter secured to the aortic 
wall by two purse^trmg sutures of No. 5-0 arterial silk, men the perfusion was begun the 
aorta ^^as clamped distal to the point of entry of the catheter and proximal to the site of 
origin of the brachiocephalic trunk (Pig. 2). 

In the second group, either a sternal-spUtting incision or a bilateral anterior thoracotomy 
with sternal transection was used. The perfusion catheter was introduced into the ascending 
aorta through the left subclavian artery which was ligated snugly distal to the site of entry 
of the catheter. The right subclavian artery was occluded at the point of its origin with 
a rubber-shod serreline clamp, and the aorta with a Pott’s ductus clamp distal to the origin 
of the left subclavian arterj* (Fig. 3). 

OBSERVATIONS 

In those animals in -which heparinized blood was used for perfusion, the 
heart continued beating with a normal rhjdhm during the entire period of Vena 
caval occlusion (Fig. 4). With the passage of time, the rate tended to decrease. 
In general, the lieai-t maintained good color and toward the end of the occlusion 



Trie 4 _(Lead II) Electrocardiographic tracings in case of coronary and carotid arterj' 

perfusion -u'ith heparinized oxj'genated bloof J, chest open, 26.5° C. S, prior to, and 5, ini- 
mediately after procaine infiltration of right atnal-superior vena caval junction. J, 5, and 6, 
^ter 5 10 and 16 minutes of perfusion. 7, After second procaine infiltration. 8, After 29.5 
minutes’ of’ perfusion. 9, Following removal of superior vena caval clamp. 10, Following 
removal of inferior vena caval clamp. 11, After closure of pericardium. IS, Immediately 
Ste^fepair of chest inclsi^^ IS, f^ and 15. At body temperatures of 28°, 32°, and 36° C. 
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time, when the rhythm was slower, the heart was even pinker than it was initially. 
When ventricular fibrillation occurred, it always developed after termination 
of the perfusion and release of the vena caval clamps. 

When eitrated blood was used, the cardiac rate slowed progressively and 
standstill usually occurred within from five to eight mirrrrtes (Pig. 5). In an 
exceptional animal, a feeble heartbeat eorrtirrued for a longer period. The 
heart remained pink arrd its color became even brighter once standstill took place. 



Drrrrng this period, also, a striking observation was tliat tlic coronary sinus 
and the TJiebesiari blood became nroro arterial in cbaraeter as the perfusion 
proceeded (Table I). Ventricular fibrillation occurred nnreb more eommoirly when 
intraeardiao calcium was administered after release of tb 
and before institution of cardiac massage than when giv( 
cardiac massage. 
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Oxygen Satur^ion of Coron.vry Sinus Blood During Coronary and Carotid 
. Artery Perfusion With Citrated Oxygenated Blood’' 


NUMBER OF DOG 

1 

2 


INTERVAL AFTER BEGINNING OF PERFUSION IN MINUTES 


2.5 


9.5 


56.8 

52.6 


15 


69.9 

64.2 


77.5 

76.8 


Dog saturation of the perfu.-sed blood was 87.8 per cent in Dog 1. 86.5 per cent in 


Animals ivitli Coronary Artery Ferfnsion .—Tliere were 13 animals in this 
gioup. In 8, heparinized blood was utilized (Table II). The tempei’atures of 
the animals ranged from 24° to 28° C. and the period of venous inflow occlusion 
from 25 to 28.5 minutes. The blood perfused ranged from 2.1 to 2.8 c.e. per 
kilogram per minute. In 2 animals, ventricular fibrillation occurred following 
lelease of the vena eaval clamps and defibi’illation was successfully accomplished 
in both. Two animals, after having made a good immediate recovery, died the 
day following surgery with hemothorax and hemorrhagic atelectasis. The 
others made a good recovery and were sacrificed in from 20 to 170 days. 


Table II. Coronary Perfusion With Heparinized Blood* 


DOG 

NUMBER 

■WEIGHT 

OF DOG 
(KG.) 

TEMPERA¬ 
TURE OP 
DOG (° C.) 

TIME 
CAVAL OC¬ 
CLUSION 
(MIN.) 

BLOOD 

PERFUSED 

(C.C.) 

VENTRIC¬ 

ULAR 

FIBRILLA¬ 

TION 

PINAL RESULT 

2 

10 

26 

25.5 

510 

No 

Stuporous 1 day after sur^ 
gery, normal afterward; 
sacrificed 36 days later 

168 

8 

25.5 

25 

400 

No 

Same; sacrificed 170 days 
later 

171 

8 

28 

26 

600 

No 

On his feet and well the 
morning after surgery; 
dead few hours later from 
hemothora.x 

172 

6.5 

27 

26 

350 

No 

Weakness hind legs for 2 
days, normal afterward; 
sacrificed 20 daj's later 

175 

7.2 

26.5 

26 

400 

No 

Stuporous 1 day, normal 
afterward; sacrificed 160 
days later 

176 

6 

26.5 

26 

360 

Yes Stuporous 1 day, normal 

afterward; sacrificed 40 
days later 

185 

7.5 

26.2 

26 

400 

Yes Stuporous 1 day; well after¬ 

ward; sacrificed 155 days 
later 

200 

10 

25 

28.5 

600 

No On his feet and well following 

morning; dead few hours 


later, hemothorax 

*The perfusion rate ranged between 2.1 and 2.8 c.c. per kilogram per minute. 

In 5 animals, citrated blood was used (Table III). The temperature ranged 
between 24° and 26° C. and the period of inflow occlusion from 27.5 to 29.5 
minutes. The blood perfused varied from 2 to 2.3 c.c. per kilogram per minute. 
In 2 animals, intracardiae calcium was administered after release of the vena 
eaval clamps and before cardiac massage was instituted. Ventricular fibrillation 
promptly developed and in both successful conversion was achieved. In the 
other 3, intracardiac calcium was administered after a period of cardiac massage 
and fibrillation did not occur. 
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Table III ConoNAR-i Perfusion With Citr\ted Blood* 


1 

VO 

NUAIBER 

EIGHT 

OFPOG 

(KG) 

TEMPEPA 
TUBE OF 
DOG C ) 

TIMFOP 
CA\AL 
OCCLUSION 
(MIN ) 

BLOOD 

PEPFUSED 

(CC) 

VENTPIC 

ULAP 

FIOriLLA 

TION 

UNAL RLSUIT 

207 

10 5 

25 5 

27 5 

600 

Yes 

Weak, stuporous for 3 da.y’t, 
normal afterward, *iacn 
ficed 62 dajs later 

225 

11 2 

26 

27 5 

600 

Yes 

In good condition dnj after 
surgerj , sacrificed 01 
dajs later 


02 

24 

29 5 

560 

No 

In good condition daj after 
surgerj, aacnficed 70 
dajs later 

233 

95 

26 

28 5 

580 

No 

In good condition daj after 
surgery, sacrificed 72 
days later 

240 

95 

24 8 

28 5 

590 

No 

In good condition daj after 
surgery , sacrificed 114 
da\‘j later 


•The perfusion rate ranged betT\een 2 and 2 3 cc per kilogram and per minute 


Of the 13 animals in this gioup, 5 wcie stuporous for one day and theie 
after had no e-vidence of neurologic damage One additional animal was weak 
and stuporous foi thioo dais after iihich he seemed perfectly well Still anothei 
animal showed weakness of the hind legs foi two dajs and was normal after 
waid There was no endence of cieii transient neurologic damage in the re- 


Table IV CorosArv and Bpain PerFusioN Mmi Hepapinizfd Blood* 


DOG 

NUMBER 

i WEIGHT 
OF DOG 

I (KG ) 

TLMPEPA 
TUBE OF 
DOG C C ) 

TIME 
CAVAL OC 
CLUSION 
(MIV ) 

BLOOD I 
1EPFUSED 
(CC) 1 

VLNTRIC 
ULAP I 
riBBILIA 
TION i 

FINAL RE'5ULT 

1 

10 2 

25 5 

29 

180 

No 

Perfcctlj nell daj after ‘*ui 
gerj, no brain damage, 
sacrificed 120 dajs later 

159 

85 

27 5 

29 5 

900 

No 

Same, sacrificed 110 dajs 
later 

173 

7 

28 

29 

650 

No 

On Ins feet and ^cll follow 
ing morning, dead few 
hours later, liomothorax and 
intrapulmonary bleeding 

179 

78 

28 

30 

760 

No 

No brain damage, sacrificed 
20 dajs later 

182 

64 

25 5 

30 

550 

No 

No brain damage, s icrificed 
19 dajs later 

183 

62 

25 8 

30 

620 

No 

No brain damage, sacrificed 
20 dajs later 

190 

12 

20 5 

315 

600 

No 

Dead late following daj, 
hemothorax, intrapulmonarj 
bleeding 

191 

8 

26 5 

315 

600 

No 

Same 

193 

9 2 

25 

33 

750 

No 

No l)riin damage, sacrificed 
90 d lys Inter 

246 

11 

26 

3o 

950 

Yes 

No brain damage, sacrificed 
106 da\s later 

250 

12 

25 

38 

950 

Ics 

No brain damage, sacrificed 

25 dajs later 

272 

98 

26 

35 

1 000 

No 

Dead after rewarinmg, 
hemorrhagic ateltctasis 

283 

10 5 

25 

34 

870 

No 

No brain damage, sacrificed 
30 dajs later 


•The perfusion rate ranged beUseen 1 6 and 4 7 c.c per kilogram per minute 


f V 
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niaining 6. During the period of venous inflow occlusion, the pupils became 
widely dilated in all animals but normal pupillary constriction returned in each 
as rewarniing took place. 

Animals With Coronary and Carotid Artery Perfusion.—There were 28 
dogs in this group. Heparinized blood was used in 13 (Table IV). The tem¬ 
perature ranged between 25° and 28° C. and the period of inflow occlusion 
from 29 to 38 minutes. The blood perfusion varied between 1.6 and 4.7 c.c. 
per kilogram per minute. In two instances, ventricular fibrillation occurred 
shortly after release of the vena caval clamps. Successful conversion to sinus 
rhjThm was accomplished in both. In 12 animals, there was prompt recovers' 
without evident neurologic damage. In 1 case, the animal was successfully re¬ 
warmed and regained consciousness but died with hemorrhagic atelectasis a 
short while later. Three additional dogs, folloAving an apparently good imme- 


Table V. Coronary and Brain Perfusion With Citrated Blood*" 





TIME 


VENTRIC- 



WEIGHT 

TE.MPEKA- 

CAVAL OC- 

BLOOD 



DOG 

OF DOG 

TURE OF 

CLUSION 

PERFUSED 

FIBRILLA- 


NUMBER 

(KG.) 

DOG (° C.) 

(MIN.) 

(C.C.) 

TION 

FINAL RESULT 


208 

9.3 


35 

800 

Yes 

No brain damage; sacrificed 







112 days later 

211 

9.2 

26 

38 

900 

Yes—ar- 

Stuporous 5 days; died; fluid 






rested by 

in chest, probable brain 





820 

simple 

massage 

damage 

223 

13 

25.0 

28 

Yes—ar- 

No brain damage; sacrificed 






rested by 
simple 

45 days later 






massage 

No brain damage; sacrificed 

230 

10.5 

24.5 

35 

1200 

No 







105 days later 

236 

10 

25.5 

35 

1050 

No 

No brain damage; sacrificed 







104 day's later 

241 

10 

26 

35 

875 

No 

No brain damage; sacrificed 





90 day's later 

244 

10.2 

26 

34.5 

840 

No 

No brain damage; sacrificed 






60 davs later 

255 

12 

26.5 

30 

650 

Yes 

No brain damage; sacrificed 





39 days later 

256 

11 

26 

34.5 

850 

No 

No brain damage; sacrificed 





35 days later 

261 

13 

25 

34.5 

700 

No 

No brain damage; sacrificed 





34 days later 

271 

11.4 

25 

35 

1100 

No 

Death; pulmonary' edema 




after resumption of circu¬ 
lation, inadequate removal 










perfused blood 

273 

10 

25 

39.5 

900 

No 

No brain damage; sacrificed 




20 days later, empy'ema 

274 

10.6 

26 

35 

850 

No 

No brain damage; dead 3 
day's after surgery, almost 
total atelectasis of lungs 

314 

11 

25 

32 

870 

No 

Dead late day after surgery, 



hemorrhagic atelectasis of 
lungs 





333 

11 

25 

29 

600 

No 

No brain damage; sacrificed 
78 days later 


ranged betweenTsTnd 3.4 c.c. per kilogram per minute. 
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diate recovery, died late the day after surgery with hemothorax and hemorrhagic 
atelectasis. The remainder were in good health until sacrificed from 19 to 120 
days after operation. 

Citrated blood was used in 15 animals (Table V). The temperature ranged 
between 24.5° and 26.5° C. and the period of inflow occlusion between 29 and 
39.5 minutes. The blood perfused varied between 1.5 and 3.4 c.c. per kilogram 
per minute. A^’entricular fibrillation developed in 3 animals in which intra¬ 
cardiac calcium was given after release of the vena caval clamps and before 
cardiac massage was begun. Onl5-1 animal given intracardiac calcium after one 
minute of cai’diae massage developed ventricular fibrillation. Conversion to 
sinus rhythm followed cardiac massage in 2 cases and in the other 2, electric 
shock was successfully employed. One animal (No. 271), which through error 
was given 400 c.c. more blood bj' perfusion than was removed, developed acute 
pulmonary edema shortly after release of vena caval occlusion and died. The 
remainder recovered, though 2 animals died one and three days after operation 
with hemorrhagic atelectasis. One exceptional animal was stuporous for five 
days after operation and then expired. He had been given a perfusion of 900 
c.c. of blood during a period of thirty-eight minutes, or 2.5 c.c. per kilogram 
per minute. There was no evidence of neurologic impairment in the remainder. 
In no animal perfused with oxygenated blood into coronaiy and carotid arteries 
was even transient full pupillary dilatation observed. 

niscussiON 

These experiments demonstrated that perfusion of the coronaiy arterie.s 
alone with oxygenated blood lengthens to from twenty-five to thirty minute.s 
the period of venous inflow occlusion compatible with recoveiy. Nearly one 
half of the animals, however, exhibited neurologic abnormalities for a short 
period following operation, though they recovered and remained well. AVhen 
both coronary and carotid arteries were perfused, venous inflow occlusion could 
be maintained for from 29 to 39.5 minutes without evidence of neurologic dam¬ 
age. It seems clear that perfusion of the carotid, as well as of the coronary 
arteries, affords protection over and beyond that conferred by coronary per¬ 
fusion. The fact that great protection results from coronary perfusion alone 
suggests that av'oidance of neurologic damage is, to some degree, dependent 
upon protection of the heart itself during the period of inflow occlusion and 
prompt recoveiy of good cardiac function aftenvard. 

AVe have not, ourselves, detennined the upper limit of safe inflow occlusion 
in hypothermic animals without perfusion. AVe and others have subjected ani¬ 
mals under moderate hypothermia to periods of caval occlusion of fifteen minutes 
with recovery. Gollan and his associates'* reached the conclusion that even 
at body temperatures as Imv as 14° C. the hypothermic animal cannot with¬ 
stand interruption of cardiac function for moi-c than tivelvc minutes. 

Edwards and his colleagues" found that a ventriculotomy iierformcd on 
moderately Inyiothermic dogs during a 10-minutc period of inflow occlusion in¬ 
variably resulted in ventricular fibrillation, but that a low incidence of fibrilla¬ 
tion was noted when ventriculotomy with production and closure of a septal 
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defect was performed under similar circumstances but with coronary artery per¬ 
fusion. Five of 7 animals survived inflow stasis for twenty minutes during 
perfusion of the heart, brain, and upper extremities. Shumway, Gliedman, and 
Lewis^^ demonstrated that coronary perfusion with either oxygenated or venous 
blood in moderately hypothermic dogs permitted one to occlude the venae cavae 
relatively safely for twenty minutes. Gaertner and his colleagues^^ have re¬ 
cently reported that coronary and brain perfusion extended the period of safe 
cardiac exclusion. In all of these experiments, the perfusion was carried out 
by means of a mechanical pump. 

The perfusion rate in the experiments of Edwards and his associates was 
10 and 20 c.c. per kilogram per minute. Shumway and his colleagues found 
that coronary perfusion with venous blood at a flow rate of 50 c.c. per minute 
was satisfactory for maintaining an acceptable degree of myocardial oxygena¬ 
tion. Gaertner, Kay, Isaacs, and Dever used a perfusion rate of from 80 to 
120 c.c. of blood per minute. 

Our experiences suggest that simple gravity flow, utilizing pressure in the 
infusion flask to regulate the speed, is adequate for both coronary, and carotid, 
and coronary perfusion. They further suggest that a rate of between 1,5 and 
4.7 c.c. per kilogram per minute is adequate. Most of our animals were per¬ 
fused at the rate of approximately 2.5 c.c. per kilogram per minute, 

Shumway, Gliedman, and Lewis had no survivors when citrated blood was 
used. We have found that citrated blood can be used safely in dogs provided 
one massages the heart vigorously after release of the vena caval clamps, ad¬ 
ministers a small amount of calcium into the right ventricle, and uses electric 
shock for the occasional animal in which flbrillation develops and is not con¬ 
verted by massage alone. 

Shumway and his associates noted troublesome bleeding when heparinized 
blood was used. This was also the experience of Gaertner and his colleagues 
who, however, had the impression that death in their animals was mostly due to 
pulmonary congestion. We encountered the same hemorrhagic difficulty when 
heparinized blood was used. In subsequent experiments,^® this difficulty has 
apparently been overcome. It has been learned that delaying the perfusion for 
two minutes after occluding the venae cavae and maintaining respiration during 
this interval seemingly eliminates the hemorrhagic tendency. This plan permits 
the heart and lungs to be largely emptied of blood before the perfusion is started. 
Animals treated in this fashion have developed neither hemorrhagic atelectasis 
nor troublesome hemothorax. 

Whether the studies reported will prove of real value in clinical cases, we 
do not know at this time. Judging from them, it would seem reasonable to 
suppose that protecting the patient by procaine blockade of the right atrial- 
superior vena caval junction and perfusing the coronary and carotid arteries 
with oxygenated blood will likely permit a relatively long period of inflow occlu¬ 
sion with minimal risk of ventricular fibrillation and neurologic sequelae. 
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The dog’s heart and lungs are excluded from the circulation bj occlusion of the superior 
md inferior venae cavae uith the sling ligatures Venous blood flours bj* grant} through 
a constant!} iccording rotameter and is filmed on stainless steel screen di^cs ^v•h^ch arc slowl} 
revolving in an atmosphere of ox}gon at room temperature The blood is collected below the 
discs and pi'»ses through a buliblc trap, consisting of a stainless steel sponge coated uith 
Dou Corning Anti Foam A A modified Dale Schuster pump forces blood back into the 
arterial s}stem of the dog through the cannula in the right femoral artery The flowmeter, 
ox}genator, bubble trap, and modified Dale Schuster pumps have been described in detail 
in an earlier paper from this laborator} i The assembled oxvgenator is sterilized b} autoclave, 
and the pumps and tubing are sterilized with 10 per cent formaldeh}de solution Eleven 
hundred milliliters of blood are required to prime the S}stem Clotting is prevented b} the 
addition of 40 mg of heparin (Connauglit Laboratories) to each liter of freshi} drawn arterial 
blood 

A 5 to 6 cm incision is made over the outflow tract of the right ventricle A defect, 
approximately 2 cm long, is made in the interventricular septum so as to avoid the conduction 
system insofar as possible The defect is closed with three to five interrupted silk sutures 
The vciitriculotom} is closed with interrupted silk sutures The perfusion is terminated and 
the cannulae removed 



Fir 1 — I Flowmeter B Oxjgcmtor C, Bubble trxp D Moaified Dale Schuster pumi 


A protamine heparin titration is performed on blood samples just before the perfusion 
ends to estimate the amount of protamine needed to return the clotting time to normal The 
estimated protamine is given in 100 ml of 5 per cent glucose in water over a period of 
approximately fifteen minutes Sub'^equent protamine titrations me perfomed cverj twentv 
to thirt} minutes for an hour, and additional protamine is given as need \ ^ h whole 
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blood transfusion, amounting usually to one fourth to one third of the estimated blood 
volume, IS given as soon as the protamine lias been administered A thoracostomy tube is 
inserted on either side and attached to water seal drainage, and the cliest is closed During 
the postoperative period, a careful check is kept on the drainage from the cheat and additional 
fresh whole blood is gn en as indicated. 

The essentials of the heart lung apparatus are demonstrated in Fig 1,* and a diagram 
of the perfusion circuit is indicated in Fig 2.* 



Fig 2 — A, F/ow meter S, Oxygenator C, Bubble trap D, ifodifiecl Bafe-Schusfer pump 
compressed air enters at arioA\ E, Foley catheter in riglit atrium 


RESULTS 

Seventeen animals weie operated upon as described Fifteen survived and 
2 died One death resulted from a pneumothorax -which developed when a 
thoiaeostomy tube became disconnected fiom the water-seal sjstcm in the caily 
postopeiatne peiiod The second death resulted fiom occlusion of the chest 
drainage tubes, and the animal died of a licmotliorax and bilateral compression 
atelectasis 

•Reprinted nith permission of Editor of Surgical Forum, American College of Surgeons, 
Chicago meeting. No\ember. 1955 









414 


STUCKEY ET AL. 


J. Thoracic Surg. 
September, 1956 


Two animals required re-exploration lor excessive bleeding from the chest. 
One dog lost 350 ml. of blood from the chest in a short period, and when re¬ 
explored was found to be bleeding from the tip of the auricular appendage. The 
seeond dog lost 500 ml. of blood from the chest in one hour, and upon re-explora¬ 
tion AV'as found to be bleeding from a mediastinal vessel. Both dogs recovered 
after the second operation. In the remaining dogs the average postoperative 
blood loss into the water-seal bottles was 180 ml. 

The average weight of the dogs was 19.7 Kg. The avei’age flow rate during 
perfusion was 770 ml. per minute or 39 ml. per kilogram body weight per minute. 
The blood pressure averaged 80 mm. Hg systolic and 40 mm. Hg diastolic during 
the perfusion. 

Arterial saturation during perfusion averaged 96 per cent for 16 of the 
dogs. The COo concentration regularly fell almost 50 per cent below control 
levels. The blood pjn'uvate level rose from an average control level of 1.47 mg. 
per cent to 2.1 mg. per cent at the end of perfusion. The blood pH rose from 
the control average of 7.42 to 7.53 at the end of perfusion. The average total 
time of perfusion was thirty-eight minutes, and the average blood loss was 560 
ml. during the cardiotom3^ All the data are summarized in Table I. 

DISCUSSION 

The advantages in using a heart-lung machine in ventricular septal surgeiy, 
over other methods such as refrigeration and blind suture, are several. With 
it, intracardiac procedures can be carried out unhurriedly in a relatively dry 
fleld. Diagnosis of the type of lesion can be accurately determined and precise 
repair carried out only in the presence of direct vision. Perfusion during the 
procedure insures an adequate supplj'- of oxygen to all tissues at all times. 

There are hazards in the use of an extracorporeal system. The problem of 
uncontrolled bleeding following perfusion because of inability to restore the 
clotting mechanism to normal has been seen in the past but was not encountered 
in this group of animals. We feel that good metabolic preparation of the dogs, 
avoidance of excessively prolonged perfusion, operation of the apparatus so 
as to minimize undue trauma to the formed elements of the blood, accurate 
back-titration of heparin with protamine, and replacement of unknown clotting 
factors by fresh blood transfusion at the end of the procedure® are all factors 
in this accomplishment. Continued excessive postoperative blood loss from the 
chest tubes after the circulating heparin has been neutralized and fresh blood 
has been given is an indication for re-exploration of the subject. 

Air embolism was not a problem in this group of animals. We feel that 
a sj’^stem which uses gravity alone to drain the venae cavae is safer than pumping 
systems which reduce the pressure of contained blood below that of the at¬ 
mosphere, for such low pressures invite bubble formation botli from effervescence 
and from leaks into the system from the surrounding atmosphere. The mech¬ 
anisms by which negative pressures are avoided have been previously described.^ 

Oxygenation at the end of perfusion averaged 96 per cent for 16 of the 
subjects. One dog. (No. 168) was not included in the average since the oxygena¬ 
tor was not functioning properly through a technical error. The level of fixed 
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acids rose dining the piocediiie and tended to offset the aieiago 50 pei cent 
fall in CO 2 concentration The blood pH lose fiom a control level of 7 42 to 
7 53 at the end of the pioeeduie It does not appeal to be necessary to add 
carbon dioxide to the oxygen run into the oxjgcnator The mean coiitiol plasma 
hemoglobin iias 18 8 mg per cent, iilule the mean plasma hemoglobin at end 
of pel fusion iias 86 mg per cent This is fai below the amount lequiied to 
cause lenal damage ” 

Ventiiciilai fibrillation oeeuiTcd diuing caidiotomy in 6 of the 17 dogs, 
and lias piesent thiiteen to twenty-eight minutes Undoubtedly, one factoi 111 
the initiation of fibrillation uas injury to the conduction sjstem at operation 
No difiieultj uas eneouiiteied in defibiillatiiig the heaits 111 th eleetiieal dis 
charges of 01 second at 175 amperes Undoubtedly adequate myoeaidial pel 
fusion thioughont was a factor in this case of dcfibriUation, as Scniiing has 
shoiin'” Folloiiing defibiillation, the hearts developed a 3 1 atiioventiicular 
block, initiallj This shoitly changed to a 2 1 block, and within a few minutes 
to a noimal sinus rhjthm 

The two deaths in this senes emphasize the impoitance of postopeiatno 
oaie The lungs must expand eorapletely, all blood must be tvaeuatod fiom tlie 
thoraeie cavity, the tubes must icmain patent, the position of the animal must 
bo changed frequently 

The inflated Foley cathetei in the right atiium scives to letiiin the coionatj 
blood flow diieotly to the oxygenator and matcnally reduces the ovei all blood 
loss during the piooedure The eoionaiy sinus return 111 a 15 ICg dog duiiiig 
perfusion is fiom 40 to 50 ml per minute (our measurements), and in large 
dogs IS proportionate!} moie Blood from the suction bottle has on occasion 
been returned directly to the system and no difficulty has been cneounteied 
This we prefei not to do as the avciage plasma hemoglobin of this blood is 325 
mg per cent, and we suspect such rctuni to contribute to late pioblems of 
hemostasis In general, the blood loss at opeiation becomes smalloi as the 
techniques aie mastered by the operators and operating time is reduced 

The aieiage ventiieiilotomy incision in the dogs vas 5 5 cm in length 
Speculation as to the ultimate fate of these wounds, and whethei 01 not ancu 
rysms would deielop, is still nnscttled, although they haie not been seen in 
dogs sacrificed up to twelve months after ventiiculotonij 

CONCLUSION 

The heaitlung appaiatus previously described bj this gioup has been era 
plojcd in the creation and lepaii of interventricular septal defects in 17 con 
sccutne dogs, with two deaths There weie no deaths as a result of machine 
failuic 

Adv antages of a heart lung machine as outlined ha\ c been that it is pos 
siblc to operate within the heait m on unhurried and safe manner in a rela¬ 
tive!} drj field, and that diagnosis and repair of the Icsioi 
more piecisely than b} blind 01 hast} methods 
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Announcements 


THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 


Notice of Annual Meetings 

The Thirty-seventh Annual Meeting of The American Association for 
Thoracic Surgery will be held May 4, 6, and 7, 1957, in Chicago, Illinois. Head¬ 
quarters will be at the Palmer House. 

Requests for Hotel Reservations 

These shoitld be mailed directly to Jlr. Edward Langford, Reservations 
Manager, Palmer House, Chicago. Please mention this Association, the type of 
accommodation desired, the date, and approximate hour of ai’rival and departure. 
If accommodations are desired elsewhere in Chicago, please communicate directly 
witli the hotel of your choice. 

Thoracic Surgery Forum 

The Thoracic Surgery Forum will be continued as a special session at the 
1957 meeting. The Forum is primarily for the presentation of short papers on 
current thoracic research, experimental problems, anatomical studies, and modi¬ 
fied or new surgical techniques. The inclusion of any considerable amount of 
clinical material in these reports makes the choice more difficult and the 
Program Committee reserves the right to reject such papers, or to suggest their 
transferal to the Regular Program. 

Papers at this session will be limited to ten minutes, including the showing 
of lantern slides or other illustrative material. At the discretion of the Presi¬ 
dent, three minutes may be allowed as the maximum discussion for each paper. 

All Thoracic Surgery Forum papers will be published together in one issue 
of the Journal. JIaximum length: 3000 words without illustrations. If illus¬ 
trated, an appropriate number of words must be subtracted for each.cut used. 

Abstracts of Papers 

Abstracts of all papers for presentation at the 1957 meeting must be 
received on or before Dec. 15, 1956, otherwise they will not be considered by the 
Program Committee. 

Abstracts should be labeled “For Thoracic Surgery Forum,’’ or “For Reg¬ 
ular Progr-am.’’ The abstracts should contain from 200 to 250 words and 
accurately reflect the contents of the completed paper. 


in 
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Five, repeat, five copies of each abstract must be sent to Miss Ada Hanvey, 
Administrative Assistant, The American Association for Thoracic Surgery, 600 
South Kingshighway, St. Louis 10, Missouri. 

Those on the program are reminded that papers presented at the meeting 
must be handed to the secretai“y immediately after their presentation. If they 
are not ready at that time there is a chance that they will not be published in 
The Journal of Thoracic Surgery. 

Motion Picture Session 

Provisions have been made to show a limited number of motion pictures to 
be selected on a competitive basis. The films themselves, together with descrip¬ 
tive material concerning length of presentation, etc., must be received by Dr. 
Karl P. Klassen, The Ohio State University, Columbus 10, Ohio, before Dec. 15, 
1956. 

It is planned to run the motion pictures in a smaller room at the same time 
as the scientific sessions. If the films are well labeled, it will not be necessary 
for the author to be present for comment. 

Applications for Membership 

Applications for Associate Membership in the Association must be received 
by the Membership Committee not later than Dec. 15, 1956, otherwise the appli¬ 
cation will be deferred for consideration until the 1958 meeting. 

Applicants must be sponsored by three Active or Senior Members of the 
Association. In addition to the signatures on the application form, the sponsors 
Avill fonvard a separate letter concerning the applicant directly to: 

Dr. 0. T. Clagett 

Chairman of the Membership Committee 
Mayo Clinic 
Eochestei’, Minn. 

Sponsors are reminded that new letters of recommendation must be for¬ 
warded to the Membership Committee should their applicants be held over for 
reconsideration a second year. The new letters of recommendation should also 
be sent to Dr. Clagett, the Chairman of the Membership Committee. 
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Thoracic Surgery 
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Original Communications 


A COJrPARISON OF TWO SYSTEMS OF ANESTHESIA FOR 
THORACIC SURGERY 
Ether versus Thiopental-Succinyeciioi.ine 
Henry Iv. Beecher, M.D. 

Boston, Mass. 

I N COMPARING any two sy.stcms of anesthesia, it will be pi'ofltnble to keep 
in mind the effoctivenos.s of each in permitting the ane.sthetist to overeome 
the chief problems of the type of surgery involved. In thoracic work the 
principal hazards to be overcome by the anesthesia system or by the anesthetist 
are as folloivs: obstructing secretions, troublesome vagal reflexes of the 
respiratory and circulatoiy systems, anoxia, elevation of carbon dioxide ten¬ 
sion, circulatory sti’aiu, motion within the thoi’ax, and Anally the hazard of 
explosion. 

At the present time I should like to compare (a) ether anesthesia, ns car¬ 
ried out traditionally for many years for thoracic surgery, and (b) thiopental 
sodium-succinylcholine chloride anesthesia (Pentothal-Anectine). For a eon- 
sidcrable period we have been using the thiopental-suceiuylcholine sequence 
at the rate of about 4,000 cases per year for all types of major surgery, includ¬ 
ing the longest and most complicated thoracic procedures, in order to get 
firsthand insight into its advantages and limitations. We believe that this 
agent has, because of its greater controllability, considerable superiority over 
the various foimis of eurare utilized for much the same purpose over the past 
decade and a half. Now to consider the principal hazards. 

Obstructing Secretions .—^Both ether and suceinylcholine produce in many 
subjects a rather heavy flow of saliva and mucus. This is objectionable but 

From (lie Anesthesia laaboratory of the Har\'ard Mcfllcal Kchool at the Sfassachiisetts 
General Hospital, Boston, Mass. 

Read at the Thlrty-.slrth Annual Meeting of Tlie American As.<?oc!atIon for Thoracic 
Surgerj' at Miami Beach, Fla., Jlay 7 to 9, 1956. 
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not difficnlt to handle with either system of anesthesia, inasmuch as these secre¬ 
tions can be easily aspirated through the universally employed endotracheal 
tube. In sudden emergencies of obstruction of the airway, as from profuse 
secretions or blood, the muscle relaxant system permits swifter control of the 
situation. 

Troublesome Vagal Reflexes of the Respiratory and Circulatory Systems .— 
Cough, of course, normally depends on local irritation in air passages and it 
can be initiated elsewhere by stimulation of afferent vagal fibers. The refiex 
arc is completed by motor nerves which cany efferent impulses to the intrinsic 
and accessory muscles of respiration. Effective cough requires a closed chest 
wall, but cough can still spread the contents of the lungs and bronchial tree 
even though its effectiveness be somewhat aborted by the open chest. A con¬ 
siderable depth of anesthesia is sometimes required to oblitei-ate cough under 
ether. The muscle relaxants appear to be superior and suceinjdeholine can be 
used to control cough absolutely and Avith onlj^ a light level of anesthesia. 
Cough, in conjunction Avith light ether anesthesia, may be particularly dan¬ 
gerous during certain stages of intrathoraeic procedures. In the patient in 
poor condition, the considerable depth of ether anesthesia required to abolish 
cough may seriously depress the patient’s blood pressure. Suecinylcholine, 
Avith its transient action and easily Amried depth of muscular paralysis, is bet¬ 
ter than ether for eonti'ol of cough. 

Anoxia. — With properly managed anesthesia, anoxia is rarely a serious 
hazard in thoracic surgery any more. In earlier days, patients Avith profuse 
purulent secretions in the aiinvaj' Avere a commonplace. It Avas sometimes dif¬ 
ficult to maintain in them a satisfactoiy airAvay and adequate oxygenation, 
but with the advent of chemotherapeutic agents this problem has been largely 
OAmrcome. One anesthesia regime is as good as the other in the majority of 
cases as far as oxygen supply goes, except in cases of obstruction of the air- 
Avay Avhen sAvift intubation and aspiration are essential. In this case, the 
muscle relaxant sequence is the better, as mentioned. This system is also 
probably better AA'^hen severe emphysema is present, used Avith a ventilator 
Avhich provides for the use of negative as Avell as positive pressure. 

Elevation of the Carbon Dioxide Tension. —A far greater and more common 
problem in thoracic surgery than that of anoxia is that of an elevated tissue 
carbon dioxide tension, as Miss Mui-phy and I first shoAved Avith factual data 
(Beecher and Murphy,^ 1950) and as many others have since confirmed. With 
ether anesthesia (Beechei', Quinn, Bunker, and D’Alessandro,- 1951) in the 
most difficult situation, namely, that of pneumonectomy, we Avere never able 
Avith the “educated hand’’ squeezing the bag to get the carbon dioxide ten¬ 
sion to normal levels, although this Avas quite easy in the lobectomy group. 

The last time Dr. Gibbon and I discussed this question, comparing, in 
pneinnonectomy cases, machine methods Avith our manual ones, I thought Ave 
still had a little the better of the argnment^ inasmuch as pneumonectomies on 
the machine shoAved 74 mm. of mercury carbon dioxide tension and ours by 
hand 58 mm. of mercury tension. Since that time, hoAvever, A^entilators have 
been improved and Ave have been particularly Avell pleased Avith the Jefferson 
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\piitilatoi, wJiieli makes possible the simple use of \a15111g dcgiees of posilne 
01 iiegatnc piessiiie Unless the .mesthetist has sticky fingeis, it is not pos 
sible foi manual ventilation to pioclucc negative piessiiie in the anvvaj AVc 
li.av'e not jet got aioiincl to lunnnig a senes of caibon dioMile tensions in pa 
tients nuclei going pnonmoneetomy and on the vcntilatoi, but thcio is no doubt 
111 my mind that one could easih’ inniiitaiii carbon dioxide tension at a 1101 mal 
level with this iinpioved ventilatoi 111 conjunotion with the use of muscle 
lelaxcints AVe hope to obtain factual data on this scoie, peihaps otheis have 
alicady done so It is possible to use the ventilating machine with ethci It 
is my impiession that this is sometimes moie difficult with ethei than with 
suceinjleholine 

Undoubtedly it is desiiable foi the anesthetist to get fiom time to time the 
“teel of the bag” hj' manual use 15v so doing he can appiaiso the ease 01 
difticiiltj' of inflation of the lungs Pioptily ilisigned veiitilafois male the 
shift to hand use possible without diffleiilty 

C'Dculaionj Strain —^Thc strain on the ciiruhlion produced dunng open 
thoiacic ptoceduies is undoubtcdlj gieat linking b\ the response of patients 
to such procedmes It has long been oui lonientioi) that the ciippled cardio 
vasculai sjstem of cldeilv individuals stands iihti ansllicsia veiv well indeed 
There is much evidence to siippoit this A\c hive uinr supposed, however 
that ethei was peifeet iii this legaid It w> I or vc i im loitant to iiin a caic 
fully contiollod senes of alternate cases witli i c tw sjstcnis in oidei to set 
tie the matfei of which pioduecs the gicatci sli mi 01 thi circulatorv system 
I do not know the answ ci to this, noi do I believe anv one else does as j et 1 
can only say at the piesont time that we have bitn veij well plciwd with 
0111 exptiienee using the thiopental suceinylciioline technique foi piolon-c 
and difficult tiansthoiacic ptoceduies such as esoph igectomj, ti uisthoi 1 1 
gasti ectoiny, and so on 

AVe have long behoved th.at it was important to alteuiate cases a id to tn 
to study in a factual way these two systems of anesthesia So fu nc lint 
had very gieat difficulty in convincing anyone else of the impoit.ince of this 
to the extent of getting financial siippoit for such a study I do not believe 
it IS possible, within a leasonahle pciiod of time, to aiiivc at the coiicct an 
swei to this question without such a comp.aiativo stiidj' AVhile a good imnj 
people laised a considoiable piotest over oui death latc stiulj (Becehei and 
Todd,“ wheie we showed .among othei things that the deaths dunng 

induction of anesthesia weie moie th.an five times highei when muscle lehixants 
weie used than when thej were not, no one has jet obt.uned evidence eoiiti,i 
dieting those findings It should, of couise, be kept in mind that those 0 isi r 
vations were based hugely on einaie type agents, not on the ncwei siiecmj 
choline Theie is need foi a careful compansoii of the two sjstems of ,ines 
thesia discussed heie One’s conclusions must not be liasfilj arrivec at 
should like to point out that to cast up even a roiitrh^appi’aisal of den' 
most st.itisticians leqniie no fewei than ten doai nose foi a 

tlmt the death late fiom .mesfhcsia is at the aj of 

will still t.ake 1,000 cases to demoiistiatc thid 
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this and other reasons, an adequate comparison will be a tedious, time-con¬ 
suming, and expensive propositiojn The alternate cases procedure urgently 
needs to be carried out. 

Answers to many questions are Avanted in this connection. "We need to 
haAm more information than Ave haAm as to Avhat the comparative effects of 
the two systems of anesthesia may be on the circulating blood volume. There 
is some eAddenee of peripheral stagnation, for example, in the tendency of 
the fingers and toes to be quite cyanotic under the thiopental-sueeinyleholine 
regime as compared Avith ether, Avhile the blood in the thorax or abdomen is 
pi’operly oxygenated. One needs to knoAV hoAv exten-sive and significant the 
rather oljAdous stagnation may be under the thiopental-sueeinyleholine .system. 
This cannot be settled in an easy chair. The extent of this disability can be 
determined only by painstaking studies. There are plenty of unsolAmd prob¬ 
lems here Avhieh can be settled by the comparathm type of stiidy just men¬ 
tioned. 

Motion within the Thorax. —While surgeons Amry greatly as to ImAA-^ much 
motion Avithin the thorax the}^ AAdll tolerate, Ain quest! on ably quietness is al- 
Avays an advantage and an urgent necessity at some phases of most intra- 
thoracic procedures. The muscle relaxant system proAudes this more depend¬ 
ably than does ether. 

The Hazard of Explosion. —I liaA'c ahvays considei'ed mj^self lucky that the 
surgeons at the Massachusetts General Hospital consider the use of the cautery 
or diathermy as contraindicated for surgical reasons. They do not use it in 
the chest. In the hospitals where such use is the custom, or desired, a non¬ 
explosive procedure is necessary. In addition, there is the small but definite 
hazard of explosion of ether for unknoum reasons. The thiopental-succinyl- 
choline sequence solves this problem; ether does not. 

Miscellaneous Points. —Thiopental Avas long ago discredited in the bled- 
out patient, the patient in shock, the patient Aidth myocardial disease, the pa¬ 
tient Avith severe asthma. We need to knoAv Avhether the thiopental-succinyl- 
choline system is as safe as ether for such cases. The proposed alternated case 
study would eventually give sound ansAvers to these questions. I have had 
some difficulty in a case or tivo Avith the ventilator in very obese patients. 
Finally, I think there is no question as to Avhat the results udll be if untrained 
anesthetists, if Avar comes, suddenly begin to use the muscle relaxants in 
severely Avounded or even scarcely Avounded men. Thiopental alone, in North 
Africa in 1942 and 1943, Avas a fearful agent of death. The problem Avill be 
greatly compounded by the muscle relaxants in the hands of inexpeineneed 
anesthetists. One can hope that those charged with military policy planning 
are giAung this problem the attention it deserves. 

SUMMARY 

The hazards in thoracic surgery Avhich concern the anesthetist have been 
considered in terms of Avhether they are best overcome by ether anesthesia 
or by thiopental-sueeinyleholine. After a considerable use of the latter sys¬ 
tem for prolonged and difficult operations for thoracic surgery the folloAving 
points emerge. 
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Obsti uctuKi SCO ctiovs These can be handled etjually well nntler thi 
systems III oidinni-j cases When piofnse pninlent secietions oi blooi 
St met the aiinav and constitute a sudden emeigmey, the muscle rel; 
soquenee is bettei 

Ttoubhsomc vagal ic/lices tii flic tespiiafont md cucuJatoty sgsi 
Cough and othei tiouhlesoiiu lauations o£ respiiat'u force and latc ca 
best conti oiled bv the mtisch rela\ant sequence 

Anoxia: Ano\ia should bo casili preicnted 11 li eithei sjstem of 
thcsia In acute cmcigcncns as nhen sciious bleedi n oeoms oi -nheii thi 
way becomes obstiueted, spied of intubation and ispiration maj be iii 
taut This can bo luoic qmchh and effieienth take care of with the m- 
iclaxant sequence 

BUiatxon of caihon dioxide tension Tiieie seems to be little doubt 
lentihitor sjstems haii now been dcieloped to the j nnt where they aie i 
cftcotiic than the inaniul bag squeezing sistcin in n amtaming adequate 
til.ition It IS my iinpiessioii that Tentilatois woik better with the mi 
lelasauts than when ctln i is used 

Ctrculuiotij <itiaiii It will take a good deal inoie espenenee than an; 
has had to the piesent lime to settle the question ot which sjstem is be 
toleiated by the cimil itmi sistem dmnig open thm loio anesthesia T 
aie icasons to belin. Hut the extensile use of thi pental with the mu 
iclaxant may coustiint. i considerable hazard Ceitainlv past expenenoc 
indnatod that tluop i' d is excecdinglj pooily tolei u, d by bled out indi 
mis or bv those witl iippled cmd.oinsenlar systems The tendencj to 
rinheial stagnation . blood with the thiopental snecim iohoiine sequence i 
ormav notlie im, • mt It is impossible to saj at the piesent time bow 

nificaiit this mai I The matter needs study 
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the exception, nut a eiucial ’"^oipare A far widei expeiience will 
mortality of tin two on gs let Ins been possible foi an\c 

required to settle these matters ‘ „o,„ation of eases m large numt 
There IS a me, I need foi a sjsteniatic 



A CONSIDEEATION OP PEOPER jMETIIODS IN 
THORACIC ANESTHESIA 

E. M. Papper, M.D., and Hugh P. Pitzpatrick, H.D.* (by invitation) 

New York, N. Y. 


I N RECENT years, interest and stndj’’ in thoracic surgery have been con¬ 
cerned with the important physiologic disturbances associated with intra¬ 
pleural operation and with the development of many improvements in surgical 
technique including the development of vessel prostheses. Vital as these 
interests are, they have umnttingly sliifted the focus of clinical concern away 
from the relatively simple practical problems that often make for success or 
failure in the anesthetic or surgical management of the thoracic sui-gical 
patient. It is the purpose of this paper to review and remind surgeons and 
anesthesiologists of the physiologic and clinical abnormalities which may occui- 
during some essential and simple anesthetic procedures. Obviously no rela¬ 
tionship between these changes and mortality or even morbidity can be 
assessed with certainty. However, it is suggested that serious di.sturbanees 
of ventilation or circulation may be the eonsequenee of even subtle difficulties 
with procedures as simple and as common as laiyngoscopy and endotracheal 
intubation. 


ENDOTRACHEAL INTUBATION AND ITS EFFECTS 


It is hardly necessary to remind thoracic surgeons that any of the pre- 
medicant sedatives, any anesthetic agent, and the slieletal muscle relaxant drugs 
maj' cause hypoventilation. It is also well known that the consequences of hjqio- 
ventilation are anoxia and respiratory acidosis. However, it has not always 
been appreciated either in clinical care or in scientific study that apparently 
minor events, frequently unrecognized, may also contribute to the development 
of hypoventilation. Endotracheal intubation is a commonplace occurrence in 
thoracic surgery but the possible relationship to “malventilation” has not been 
sufficiently heeded. Disturbed breathing may begin with laryngoscopy. ^ There 
are very few data which indicate the effect on gas exchange of the time re¬ 
quired to perform laryngoscopy and endotracheal intubation. In at least one 
study^ shovdng little change of blood pressure on direct recording during 
laryngoscopy and intubation of approximately 30 seconds, it was believed that 
this procedure caused no seiious harm to the circulation or gas exchange. It 
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IS faiily common, lio%\e\er, to intutate leisuicly without making a clclibeiate 
eftoit to leduce the time het-Hcon effective bieaths consumed by the pioeoduics 
of laiyngoseopy, intnliation, and lestoiation of effective \entilation 

If the patient has. been ventilated with a high concentiatioii of ovjgcii 
anoxia docs no dev clop How evci, the longer that ineffectiv e v entilatoi v niov c 
monts exist, the gieatei the piobabilitj of letcntion of eaibon dioxide 
jMeasuiements in oui laboiatoiies showed an incicasing aeidosis in the indue 
tion 01 “paia intubation” peiiod" (Pig 1 ) Piequciit obseiwations at 2 to 3 
minute inteivals vveie necessan to asceitaiii this pattern of development of 
acidosis and vveie made possible bj Holadaj's modification of the glass elec 
tiode^ Theie vveie few instances in which acidosis did not ocoui whethei 
bioathing was spontaneous, assisted, oi contiollcd in the “para intubation” 
peiiod This complication can usiiallj be pi evented if the time between effee 
tive bieaths is shoitoned to 30 seconds oi less 
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Fig 1—Summary of pCOj in arterial blood at \arious times during anesthesia and 
operation Induction period extends from beginning of anesthesia and ends after endotracheal 
intubation Respiratorj acidosis is associated with the h5PO\entllntion of deepening anesthesia 
and undue prolongation of the time between effective breaths 


Although speed is not a desirable goal in itself, it appeals icasonablc that 
the tune between bieaths should be no longer than 30 seconds in the hands of 
the aveiage skilled anesthesiologist 

The implications of letontion of carbon dioxide during the laijmgosco])j 
and intubation peiiod aie the same as at any othei time This peiiod of acidosis 
may produce electioeaidiogiaphic changes and potentiate vagal leflcxcs, quite 
impoitant in view of the fact that an eiidotiaeheal tube is to be insoitod im 
mcdiatelj 

Anotbei by-pioduet of the appicciation that cndotiacheal intnliation 
should be accomplished wnth skillful dispatch was the demonstiahoii that 
technical difficulties and oiiois mav effect undesiiablc eiiciilatoi^ consequences 
In Fig 2 the tiacings of the loft biachial aittij and left femoial aitciv weie 
made dining lai'jngoseopy and intubation At the first intubation, the iiiegu- 
laiity in aitcrial pulses is quite obvious This is the result of inadequate le 
taxation for mfubatioii The second intubation shows an uncompbeated and 
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OcCtisionally an endotracheal tiihe is insei’ted too deeply. Fig. 4 shows the 
coiTection of the circiilatoi-y distnihance when the tube is withdrawn from the 
region below the carina. It must be emphasized that this circulatory disability 
might not have been detected by oidiuarj’^ auscultatory measurement of the 
Idood pressure. It is most important to examine the chest thoroughly after in¬ 
tubation to make certain tliat the tube was placed correctb'. 

Burstein and his eollaboratoi*b showed that elcctioeaidiographic changes 
following endotracheal intubation consist in general in increases in rate and a 
variety of arrhythmias, the most common of which is sinus tachycardia. They 



Fig: 3—Jtarked dlndnutlon in blood pr «5aro during: endotracheal suction 



Fig 4 —Correction of irregularity of pulse contour by •ulthdra^\ing an endotracheal tube into 

the upper trachea 


concluded from these observations tliat ciiciilatory changes incident to the 
manipulation of the ainvays were frequent, occurred in the majorit3' of patients, 
and were due to increases in sympathetic rather thfin vagal tone.^' ® 

King and his associates extended these observations and disputed some 
aspects of them in further studies.* They showed that intubation of the 
trachea uniformly produced an inciease in blood piessuie and an increase in 
heart latc. As anesthesia was deepened, these clianges were less im])ortant. 
The circulatoij' changes did not appear to be zolated to any specific agent but 
were minimized with increasing depth of anesthesia. 
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unaffected eirenlation. Another interesting result of the manipulation of the 
endotracheal tube is shown in Fig. 3. It is believed and taught by most people 
that endotracheal tubes should be suctioned fi-equently and routinely during 
intrapleural operation. This procedure is obviously wise and necessary if there 
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Fig. 2.—Lilly Capacitance Manometers and Brusli Recorder used. 
in seconds. Tracings (upper) of left brachial artery and (lower) left femorai ^(jgquate. 
regularity of pulse pressure noted during first intubation when relaxation was 
Second intubation during adequate relaxation is without consequences. 


is blood or secretion in the aii’way. It is not a reasonable maneuver if theie 
is nothing available to suck and particularly if one realizes that endotiae ea 
suction may cause harm to the circulation. 
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Oeensionally an enclotracheal lube is inserted too deeply 7."jg 4 shows the 
coiTocfion of the circiilatoi'y distmbanec when the tube is w'ifiuJiann froji! the 
region below the carina. It must be onuihasized that this eireillatoo’ disability 
might not have been detected bj’ oidiiiary anseultatoiy measurement of the 
blood pressure. It is most important to examine the chest thoroughly after in¬ 
tubation to make certain that tlic tube was placed coirecth" 

Burstein and his collaborators showed that electiocardiograpluo changes 
following endotracheal intubation consist in general in increases in rate and a 
variety of arrhythmias, the most common of which is simis tachycardia. They 
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(Jonducled from these ohservations thnt circulutory changes incident to the 
manipulation of the ainvays \vere frcqticnt, oceuned in the majontj' of patients, 
and were due to increases in sympathetic rather than vagal tone.-*- ^ 

King and his associates extended these observations and disputed some 
aspeet.s of them in further studies.' They showed that intubation of tlio 
trachea uniformly produced an incicasc in blood picssuio and an iuereasc iu 
heart late. As anesthesia was deepened, these chiiiigos wcic less important. 
The oirculatoiy changes did not appear to be 1 elated to any specific agent but 
were minimizocl with increasing depth of anesthesia. 
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unaffected circulation. Another interesting result of the manipulation of the 
endotracheal tube is shown in Fig. 3. It is believed and taught by most people 
that endotracheal tubes should be suctioned frequently and routinely during 
intrapleural operation. This procedure is obviously wise and necessai-y if there 
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Pig. 2.—Lilly Capacitance Manometers and Brusli Recorder used. Time mt jr- 

in seconds. Tracings (upper) of left brachial artery and (lower) ‘inadequate, 

regularity of pulse pressure noted during first intubation w’hen relaxation waa 
Second Intubation during adequate relaxation is without consequences. 


is blood or secretion in the airway. It is not a reasonable maneuver if 
is nothing available to suck and particularly if one realizes that endotiac 
suction may cause harm to the circulation. 
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Occasionnllj' an endotracheal tube is insei ted too deeply. Fig. 4 shows the 
coircction of the circulatoij' disturbance when the tube is withdrawn from tlic 
legion below- the caiiiia. It must be emphasized that this cuoulatoiy disability 
might not have been detected by oidinaiy auscultatory measurement of the 
blood pressure. It is most impoitant to evaimnc the chest thoroughly after in¬ 
tubation to make ceitam that the tube was jilaced concotly 

Burstcin and his collaborators showed that electiocaidiographic changes 
following endotracheal intubation consist in gcneial in inci cases in rate and a 
variety of arrhythmias, the most common of which is sinus taehycardia. They 



Fiff 3-—Maiked diminution in blood pre ''ire Jnrmg cudotrachesi suctfon 



4 —Correction of irregularity of pulse contour by Wlthdra^^ing an endotracheal tube into 
the upper trachea 

concluded from these observations that circulatory changes incident to the 
manipulation of the airways were fieqiient, occurred in the majority of patients, 
and were due to increases in .sympathetic rathet than vagal tone.'- ® 

King and his associates extended these observations and disputed some 
aspects of them in further studies' They show-cd that intubation of the 
trachea uniformly produced an increa.se in blood piessuic and an inciease in 
heart late. As anesthesia w-as deepened, these chaiige.s wore less impoitant 
The ciieulatoiy changes did not appeal to be i elated to any specific agent but 
w-ere minimized with inci easing depth of anesthesia. 
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Fig. 5.—^Depression of systolic blood pressure during positive pressure respiration by manual 

compression of the breathing bag. 
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Fig. C.—Irregular pulse and inadequate blood pressure during apnea, corrected by assi-sted 

respiration. 
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Fig. 7.—^Rhythmic depression of blood pressure during positive pressure by 
methods, improved by the return to spontaneous breathing. The chest was closed when xnib 
observation was made. 
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In the patient inth scveie hcait disease, one of the anesthetic goals is the 
use of light anesthesia Tolei.ince to endotiaeheal manipulations of pitients 
with diminished nijocnrdial lescne duiing geneial anestlusia Ins been an 
impoitant piohlem Soiiietiincs theie is a dilemma A iiatient witli scicielj 
woahenod mjoeaidium may not toleiate anesthesia ot depth siiffidont to iii 
tubato lie may also lesjiond iinfaioiahly to the cflcets of intubation in light 
anesthesia eien though tojiical anesthetics are instilled oi nebulized into the 
airway Ho may not do well with museic iclaxants To sohe this pioblem 
in patients with senous eaidiae disabihtj, it has been oiii piacticc to intubate 
in the conscious state wuth siiifaec ancsthetifs I his statement dots not intei 
that othei methods aie less satisfaetoiy in othei ])Coplt’s hands It has been 
oui expenenee that intubation piioi to the establishment of geiieial ancsthesii 
has been a safe and useful pioecduic for tiaticiits with adtanted heait disease 

TIIF FFIECTS OF ISSISTFD IND CONTROIIFD BPFWHINe ON THF CIRCUUSTIOS 

Pieeise studies of the effects of positno picssute bieatlang will bt me 
sented bj othcis in this sjmposiuiii Ilowitei it will be usetnl to desenbe a 
few instanecs of the ciiculatoi} effects of clinuallv coadueted nssistanie oi 
conti oiled bicathing 

Fig b shows the dopicssion of sjstoln blood piessure which can oictii 
fiom modest positue picssuie applied to assist spontaneous bic'thing 

Fig G shows the supeiioiity of assist'd huath na to apnea It is shown 
to emphasize the need foi umeniittiiig assistance to bieathiiig The ihjthm 
mas he biokcn ficquontlj when manual unthods u used to ndiust the traus 
fusion, ehaiigc the light, oi lecoid ohsenations on *he anesthesia iccoi d These 
aio piaetieal loasons svhy effoifs must b( made to lehiose phjsiologicallj 
sound meehanieal ventilation 

Fig 7 shows the supeiioiity of spontaneous haathnig to emtiolhd 
bieathing when oonfiollod hieathing is cxcessiselj applied The chest was 
closed duiiiig this study 

CONCL.USIO'l 

Pcihaps undue emphasis has been placed on the smallei ci outs of lai j ngos 
enpj and endotiaeheal intubation dmang Ihoiacic siiigen Howes ei, justifiei 
tion foi this emphasis exists because it is tacitly assumed in seicntific studies 
01 clinical lepoits in thoiacic suigcij that tiicie aie no potoiitia laim 
coiisequeiiees of intuhitioii This suiscj has made it ohuous that sue i .m 
assumption can nosei he made sntli sceuiitj This discussion s\i serse i s 
puiposc best if endotiaeheal infnhation is pcifoimed to piosidc a mimimim 
lapse hetwocii offcetisc liicaths and if suhseqiiciit anesthesia is eonduc <c in 
the same maniiei 


RCrrBENCES 


1 King, nc, Hams, L C , Jr , Greifenstein, F E PWe'' ^ ” 



430 


PAPPBR AND FITZPATRICK 


J. Thoracic Surg. 
October, 1956 


2. Holaday, D. A., and Papper, E. M.: Unpublished observations. 

3. Holadajr, D. A.: An Improved Method for Multiple Rapid Determinations of Arterial 

Blood pH, J. Lab. & Clin. Med. 44: 149-159,1954. 

4. Burstein, C. L., LoPinto, P. J., and Newman, W.: Electrocardiographic Studies During 

Endotracheal Intubation I. Effects During Usual Routine Technics, Anesthesiology 
11: 224-237, 1950. 

5. Burstein, C. L., Woloshin, G., and Newman, W.; Electrocardiographic Studies During 

Endotracheal Intubation II. Effects During General Anesthesia and Intravenous 
Procaine, Anesthesiology 11: 299-312, 1950. 

(For Discussion, see page 474.) 



THE CAKDIOEE&PIBATORY D\ NAMES OP CONTROLLED RESPIRA 
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AHcurn S Cordon, M D , Ph D (b\ in'aitvtion) Ch\klfs'\V PR\r,'\r fe 
(B\ invitation), 4ND HmvM T Lvnqston "MD 
Chicago Iu 


INTRODUCTION 

rVCTORS AND VIFCH VNIMIS INVOLVED 


T he use of ihytlimic inflation and dcflition of tho lungs for rosuscitation 
01 contiolled lespiiation dunng suigoij li is become well cstablislipd duiing 
tbe past sevetal decades Clinical and expcinnental st idies have been pel 
foimed to delineate the piineiples and piaetice ot picbsuie bioithmg and 
mail} mechanical devices have betn developed to piovidt lesusoitatmi con 
ti oiled lespiiatioii, and icspiratory assistance 

However, diveigent opinions peisist, and ir appeals important to cijs a! 
lire the issues by carofullv evaluating the basic faitms ind mcehanisms in 
volved 111 piessme breathing This would be esp ciallv useful if it (stablishc J 
the overall cliaiacteiistics of a “phvsiologicallj idt il icspiiatoiy pattiin 
foi both the open chest and the closed chest situation ^ 

ractors Involved —In oidei to be compkti and adc ijuate such a stiidv nnis 
include 


1 Deteiminatioii of the cliaiacteiistics of ihe normal lespiratorj pattern 

2 Analvsis of all chai act eristics of the inccliaincal lespiiatorv pattern hv 
means of completelv contiolled e\perimental and clinical studies These enu 
acteiistics aie (a) position of bieathiiig cmve—( 1 ) IPP, intermittent positive 
piessuie, ( 2 ) PNP, positive negative picssuie, ( 3 ) JNP, inteimittent negative 
piossuie, (b) amplitude of the pressuie, (c) ratio of inspiratoi-y cxpiiatoi} 
duration, (d) shape of the curve, and (c) latc pci minute 

3 Simultaneous evaluation of both the ventilatoiv and the ciieulatoiv 
dviiamics lesulting fiom mechanical respuation 

4 Use of climcallv applicable ciiteiia for evaluating all of these actors 

The senes of studies repoited here was designed to complv with all of tlie e 

icquiiements 


Measuiements Involved—The puiposc of mechamcnl tcsjmaUon is P’® 
duce optimal ventilation during surgeiy onesuicitation, u ithout deiiimcn o ic 

Phro,F''°"A ‘he Department of Clinical Science University ot Illinois ^‘>}'^h'),r5clc’'sume"ry 
Chlcaao Department of Surgrery Chicago State Tuberculosis Sanitarium an 
service Hines V eterans Administration Hospital Hines Ill ,„,i Center Vie,Ileal 

The<te studies! •were supported b> a research grant from the \rni} Chemical 
Laooratorie'? Fdgewood Md , 

Real at the Thirty sixth Vnnual Vlecting of the American Association for Thoracic 
Siirger> at Miami Beach Fla May 7 to 9 195S 
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circulatory system. The actual performance characteristics of the machines 
are important only as reflected in their physiologic elfects on ventilation and 
circulation. 

Optimal ventilation requires both adequate oxygenation of the blood and 
elimination of carbon dioxide. Accordingly, the ventilatory criteria we have 
used throughout these studies are the oxygen saturation and carbon dioxide 
tension (pCOo) of arterial blood. 

The elfects of ventilation on the circulatory system can be measui-ed in 
many ways. Determination of eai’diae outinit or direct recording of arterial 
blood pressure provide the best over-all information and are used most often. 
Direct arterial blood pressure has been used here for several reasons: (1) 

previous studies have indicated that changes in light ventricular output re¬ 
sulting from pressure breathing are ultimately reflected in left ventiieular 
output and arterial pressure; (2) direct arterial pressure provides a means 
for continuously monitoring over-all circulatory effects; (3) by means of a 
direct writer, it is possible to get instantaneous pi’essure readings; (4) the 
circulatory effects can be monitored on a beat-to-beat basis; (5) direct arterial 
pressure is more practical and easily obtained in a controlled series of tests 
where multiple readings are required over a long period of time, especially in 
patients undergoing thoracic surgery; and (6)'arterial pressure, as a measure 
of circulatory effects, is used clinically during surgeiy or resuscitation, and 
results obtained in such controlled studies can be easily and directly applied 
to clinical situations. 

In all of these studies, both experimental and clinical, blood pressure has 
been monitored continuously and recorded from a cammla in the femoral 
artery. Arterial oxygen saturation, pC02 and blood pressure have always 
been recorded simultaneously. 

Mechanisms Involved .—Automatic mechanical breathing equipment for 
rhythmic ventilation of the airway can be classified on the basis of the cycling 
mechanism: (1) pressure-cycled (pressure-limited); (2) volume-cycled (pres¬ 
sure-limited); (3) time-cycled (pressure-limited). 

Pressure cycling devices usually function on a pneumatic basis and de¬ 
pend upon the actuation of a diaphragm or valving mechanism by regulated 
pressures. They require a tight airway fit for proper cycling. 

Volume cycling mechanisms depend on pneumatic or electric activation of 
a bellows or piston. This delivers a fixed (adjustable) stroke volume. Pressure 
limits must be set so that the excess volume will not be forced into the lung. A 
tight connection between the machine and the airway is not required. How¬ 
ever, if a tight system is not used, a large volume must be provided in order to 
compensate for airway leaks. 

Time cycling mechanisms usually require electrical activation (or manual 
timing and manipulation). Such units deliver gas at certain pressure limits on 
the basis of a mechanism which times the duration of the cycles and phases. A 
high flow rate unit can be used on either a tight system or one with a large leak. 
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This classifies only the aetintmg oi cj cling niechanisms of meehanioal 
bioathiiig equipment Most units have atlclitional contiols for legulation of 
piessiiic, lato, inspiiatoii esimatoiy latio, and sometimes loluine 

Fixed \olunie pumps ma\ bo thought to constitute a sepal ate typo of cycling 
mechanism Hoivevci, tlici lepiesent laiiations of the volume cycling 
categoiy A tine fixed xoliime pump has an inheiont disadiantage in that it 
IS impossible to knou the exact volume icquiied by patients of different sizes 
and ages, as well as at dilfeient times dining the same procedure if theie aie 
changes in the physical chaiaetciistics of the lungs This difficulty can be 
oveicome bj using an excess volume and pioviding a blovvolf at ceitain pies 
sine limits irowev'ei, this conveits it to a volume ejeled (picssure limited) 
unit The same is tine foi the huge piston units, such as those used with the 
unciilfod tiaclicostoray tube IIcic the aiiway leak piovides the picssuie 
blovvoff, and it also becomes volume cycled (pressuie limited) 

mow', pRFssunr, and vomijie chaevcteristics op the 
NORVUL nariTHixc tittcrn 

Studj of noimal bientlnng eune chaiattciistics should piovidc insight 
into the lequiiemcnts foi a moehamcal controlled lespnation pattern Wo 
have studied tlueo functions of the noimal lespnatoiy pattein which lend 
themselves to measuiemont These arc (1) flow, (2) pressuie, and (3) 
volume Those wore rccoidod on a gionp of noimal adult males dining oon- 
soious lesting bieathing Each of the test periods was pioeedod by at least a 
twonty niinutc poiiod of complete icst in oidei to achieve a basal vcntilatoiy 
state 

Methods —^Air flow was measmed bj means of a pneumotaehogiaph,’ which 
icooidod thiough a diffeiontial stiaiii gauge on a photogiaphie locoidoi The 
piienmofcicliograpii piovidcs the most sensitive of the three vcntilatoiy meas 
uicmonts since it involves an open cntuit csscntmlly fice of the impedance 
and lesistance iiilieient in the closed cncints used foi the othei deteiminations 
Changes in volume dining noimal quiet lespiiation were measured bj 
means of a carefully balanced Wateis Coiilej Kespiiometei This is the usual 
tj'pe of clinical equipment used to incasinc vcntilatorj pattein and volume 
It IS designed to measuie vaiious components of lung volume and its speed 
IS too slow foi eliciting details of euive foim The unit was theioforo modified 
bj means of a rotaiv motoi and rheostat to piovidc a lapid spirogram - This 
giv es gieatei accinacj and detail of cuive form 

Thoie IS no standaid method foi mcasining dnectly the noimal aiiwaj 
picssuie pattein AVitli an open system, the picssuie changes are instan- 
taneous, and no significant diffcicntial ean be iicoided Use of a closed 
sjstem lequiies a laigc volume in older to minimize the effects of breathing 
against the resistance of the closed ciicuit Foi pin poses of these tests, we 
devised a closed svstem in which the subjects bieathed into a 110 gallon 

sjsteni (two 55 gallon diiims) I’lessiue dilfeientials '■—-" 

Polj 1 ISO bj means of an electromanometer 
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Results and Conclusions .—^Typical patterns of air flow, pressure, and 
volume are shown in Fig. 1. EevieAv of these tracings reveals that the normal 
inspiratory :expiratory duration ratio ranges hetAveen 1:1.5 and 1:2, Avith a 
mean of about 1:1.6. Slight variations occur in the same indiAudual from time 
to time and hetAveen members of tliis group of normals. HoAvever, all sub¬ 
jects’ tracings Avere A\dthin this range. As mentioned above, the pneumo- 
tachographic tracings provide the most accurate reflection of the respiratory 
phases since there is less resistance and inertia in this recording system. 



A. AIR FLOW PATTERN— PNEUMOTACHOGRAM 



B. AIR PRESSURE PATTERN - CLOSED CIRCUIT RESERVOIR 



Fig. 1.—^Normal, conscious, resting, breathing patterns in human beings. 

The pressure pattern Avith the closed circuit used here reveals a curve 
which rises gradually to a short inspiratory plateau, folloAved by a precipitous 
expiratory pressure drop to atmospheric, AAuth an expiratory plateau 1% to 2 
times as long as the inspiratory phase. Within the limitations of this closed 
circuit method, this pattern can be considered as the so-called “normal” 
pressure breathing curve. 

The A^olume curves proAdde a similar ratio, but since they are subject to 
the greatest inertia and resistance, they are least informative as regards 
cuiwe form. 

These ratios of inspiratory :expiratory duration and the “normal” air- 
Avay pressure curve proAude criteria for establishing a “physiologically ideal” 
pressure breathing pattern. 

THE AJIPLITUDE OF AIRAVAY PRESSURE REQUIRED DURING CONTROLLED RESPIRATION 

An important consideration in controlled respiration and resuscitation is 
the exact amoimt of positive pressure required to achieve optimal alveolar 
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ventilation vvithont iisk of piilmonaij damage oi othei complications In 
addition, a ineasnie of the physical effects on the lung lesiilting from vaiions 
types of conti oiled bieathing might offci insight into the djTiamios of this 
foim of ventilation 

Picssiire vohiine (PV) diagiams of the lungs and tlioiax have been 
shown to piovide a measure of the phjsical status of the respiratoi'j media 
nism ® The factor of ainia} icsistance is cliinmated in static piessuie volume 
dotoimiiiatioiis and, aceoidinglj, this value becomes a nieasuie of the in 
heient compliance of the system 

In Older to deteiniine the amplitude of aiiivaj pressure required dining 
contiolled lespiiation, we have made two sets of deteiminations on a gioup 
of dogs (1) initial inflation picssiue volume diagiams following noimal 
bieathing and again at end expiiation after periods of various tjqies of con 
tioiled lespiiation (IPP, PNP, and INP) , and (2) the end evpiratoiy losidual 
lung volumes following noimal bieathing and these same tvpes of contiolled 
respiration 

Methods —Twentj noimal mongrel dogs with an average weight of 30 
pounds vvoie anesthetized with intrapeiitoncal pentobarbital One half of 
these were used to study the effects of various tj-pes of controlled respiration 
on the piossuie volume (PV) diagram of the lungs and thoiav. at end evpiia- 
tion, the other ten dogs were used to moasuie the end evpiiatoiy residual 
lung V olume aftei the same types of ventilation 

Controlled respiiation was admimsteied via a tracheal cannula by means 
of an Anospirator • This is a pressure cycled unit driven by compressed gas 
It has adjustable rate and positive and negative pi essuie controls, and pro 
duces a peaked, biphasic airway piessnie curve Machines of the pressure 
ejcled type iisuallj have a constant flow rate, resulting in inspiratory and 
expiratory durations being approximately cciual The biplnsie, peak shaped 
curv'o, 1 1 inspiratoij expiratory ratio and cycling late of 12 times per 
minute w oie kept constant throughout all phases 

An initial normal PV curve was obtained Then each animal had 15- 
minuto periods of contiolled rcspiiation with IPP (0 to 22 mm Hg), PNP 
(11 mm Hg to -11 mm Hg), and INP (0 to -22 mm Hg) The mechanical 
pressuio cjcling was alwavs stopped at the end of expiration and an ciid- 
expiratory PV ciirv e was obtained immediately after each type of breathing 

Previous investigators® have used the lelaxation PV euive as an index of 
lung compliance However, for reasons to be discussed latci, we have 
detcimmed the initial inflation PV cuivc at end expiration in a manner 
similar to Nuns, Conner, and Coinioev The relaxation PV curve was iccorded 
and, immediately following this determination, a second inflation PV curve 
was also obtained These measurements were made by using an accurately 
calibrated hand pump to inject increments of air into a side arm of the 
tracheal cannula, allowing time for picssme stabilization (usiiallv about 5 
seconds), then leading the piessaiic m the closed lung thorax system directly 
from a Bourdon gauge attached to the tracheal cannula This pressure was 

•Pro%Ide<3 b> E and J Manufacturing Co Burbank Calif 
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then released, a few seconds allowed for stabilization at atmospheric pres¬ 
sure, and the procedure repeated at the next increment. This was continued 
until the pressure in the dog’s closed lung-thorax system reached 40 mm. Hg. 

The second group of dogs was prepared as described above. Following 
normal respiration and after each t3’'pe of controlled respiration, the end- 
expiratory residual lung volume was determined by -withdrawing air from the 
closed lung-thorax system until a pressure reading of -40 mm. Hg was 
achieved. The volume withdrawn at this point was recorded. In most cases, 
the air could be Avithdrawn easily at first. Then suddenly the resistance in¬ 
creased greatly and the withdraAval of only a few more cubic centimeters re¬ 
sulted in a large change in pressure. Aecordinglj’-, the end points Avere very 
sharp. 



THE SECOND INFLATION PRESSURE-VOLUME CURVE PARALLELS THE 
I.P.P. CURVE WITH ALL TYPES OF CONTROLLED RESPIRATION 

Pip 2_^Initial inflation pressure-volume curves following various types of controlled respira- 

■ tion. 

Results and Conclusions .—The initial end-expiratory PV curves and resid¬ 
ual lung volumes are shoAtoi in Pig. 2. 

The normal PV curve under these conditions is smoothly S-shaped. It is 
closely paralleled by the initial inflation PV curve folIoAving PNP controlled 
respiration. IPP results in a flattening of the curve, Avhereas INP results in 
accentuation of the S-shape. This means that starting reinflation of the limg 
after IPP is easier than after INP. This is shoAvn in Fig. 2, where use of the 
same volume increments for initial reinflation results in less pressure change 
Avith IPP than Avith INP, during the first half of the diagram. 

• IPP ventilates completely Avithin the inspiratory capacity, and the lungs 
remain in a partially distended state even at end-expiration. Conversely, at 
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end-expiration after INP breathing, the lung, which has been ventilated 
entirely within the expiratory resen'e volume, is in a more collapsed state 
with a smaller volume of residual air. 

Actual measurement of end-expiratory residual lung volume substantiates 
this impression. As indicated in Pig. 2, the residual volume is significantly 
greater folloTOng IPP than PNP or nonnal breathing, and significantly re¬ 
duced after INP breatliing. 

However, at approximately 15 mm. Hg pressure on the PA^' diagram, there 
is an alteration in this effeet resulting in an area whore all of the curves in¬ 
tersect and cross. Below this point the curves arc divergent; above this 
point they parallel each other. The explanation for this phenomenon has 
important significance. 

Initial reinflation of the lung requires pressures adequate to overcome a 
number of forces. These include: (a) the viscoclastie properties of the lungs 
and thorax; and (b) the surface tension. 

The viscoelastic properties of the lungs and thorax are essentially con¬ 
stant at any one point on the PV curve, although they may vary from point 
to point. However, surface tension is an additional force to be overcome 
primarily at the beginning of rc-c.xpansion of the lungs. At end-expiration, 
following INP breathing, residual lung volume is markedly diminished. In 
some areas, alveolar and terminal brouchiolar walls may bo in apposition. 
The pressure required to overcome the increased surface tension is greater 
than that required to inflate a lung in which alveolar and terminal bronehiolar 
walls remain at least partially distended, such ns after PNP or IPP breathing. 
This accounts for the greater pressure changes after INP than after IPP at 
the same volume increments, in the portion of the diagram below 15 mm. Hg. 

This is in agreement with the finding of Endford, Lefeoe, and hlead^ 
that surface tension tends to hold the walls of alveoli and bronchioles to¬ 
gether and make the lung less compliant after complete deflation than after 
normal expiration. 

As snrface tension is overcome, inflation progi'essos to a point where all 
of the alveoli are inflated. AVith continued inflation, the physical properties 
of the INP, PNP, and IPP ventilated lungs approach each other. At the point 
of uniform alveolar inflation, the PA^ characteristics of all of these tyjjcs of 
lungs are essentially equivalent. This corresponds to the area in which the 
curves intersect -w-ithin the broken circle in Fig. 2. 

Beyond this point the PA'' eunms parallel each other and are essentially a 
function of the inherent viscoelastic pi-operties of the lungs and thorax. 
However, they do remain separated because the IPP lung still has a greater 
volume at anj' one point on the cniwc since its inflation started with a greater 
initial residual volume. 

In our experience, as indicated in Pig. 2, the PY curves do not all eross 
at a single point, but rather within a certain area. This ranges between 12 
and IS mm. Hg, with the greatest concenti'ation of curve crossing occurring 
at 15 mm. Hg. According to these measurements, then, apinoximatcly 15 
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ram. Hg positive pressure should be used to accomplish adequate alveolar 
ventilation wdth controlled respii’ation. More detailed studies would probably 
reveal that IPP breathing requires slightly less inflation pressure than PNP 
breathing. These findings are similar to those of Lindskog and Bradshaw,® 
who found the threshold pressure for reiuflation of experimentally produced 
atelectasis to be 12 to 16 cm. of water. 

Relaxation PV diagrams after all methods of pressure breathing resulted 
in all of the curves being essentially the same and being located to the left of 
the initial inflation IPP curve. This is due to hysteresis.'^’ ® The second in¬ 
flation PV curve similarly showed a shift to the left with all curves being 
essentially the same and parallel to the initial IPP curve. This is due to 
elimination of the surface tension factor by the initial inflation to 40 mm. Hg. 
These two factors are the reasons for using the initial inflation PV curve to 
determine the effects of the various types of pressure breathing on the physi¬ 
cal properties of the lungs and thorax. 

The above findings and Pig. 2 relate to the PV characteidsties in the 
closed chest. An additional series of ten dogs were used to study the pres¬ 
sure-volume diagram folloAving IPP and PNP breathing with the unilateral 
open chest. (INP breatliing was not studied since dogs cannot survive this 
type of breathing with an open chest.) 

The open chest IPP and PNP curves are similar in contour and crossing 
over to the closed chest curves, with the follo'wing exceptions: (1) Both 
curves are shifted somewhat to the left. (2) The two curves are divergent 
below the crossing-over point and parallel each other above this point, just as 
in the ease of the closed chest. However, throughout their entire extent they 
are so close together that at no point on the curves are the differences 
significant. (3) The crossing-over zone occurs between 15 and 17 mm. Hg, 
wth a mean of approximately 16. 

Two factors are responsible for these differences: (1) The unilateral open 
chest partially eliminates the thoracic wall component of compliance, and re¬ 
sults in the general shift of the curves to the left. (2) "With one chest open, 
the intrathoracic negativity is lost on that side. This results in collapse of 
one lung during expiration, even with IPP breathing (if the lung is allowed 
to come to atmospheric pressure after each inspiration). Accordingly, the 
end-expiratory position of the lung on the open side is almost the same after 
either IPP or PNP breathing. This accounts for the fact that the reinflation 
PV curves show very little difference. Also, since the lung on the open side 
is more collapsed at end-expiration than in the ease of the closed chest, it 
requires a slightly greater reinflation pressure (16 mm. Hg) to reach the 
crossing-over point, or zone of uniform alveolar ventilation. 

THE EFFECTS OF VARYING THE POSITION AND AMPLITUDE OF THE 
PRESSURE BREATHING CURVE 

As enumerated pre^dously, there are five characteristics of the pressure 
breathing curve: (1) position; (2) ampUtude; (3) inspiratory:expiratory 
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ratio; (4) shape; and (5) rate. In carefully eontrolled, comparative tests, it 
is not possible to evaluate all of these simultaneously. Therefore, ve have 
used several series of tests in order to study all characteristics. 

In the first series, determinations were made of the cnrdiorespiratoiy 
effects resulting from varying (1) the position of the pressure breathing 
curve (IPP, PNP, and INP), and (2) the amplitude of the pressure breathing 
curve (A.—total range of 22 mm. Ilg; and B.—total range of 15 mm. Hg). 
Comparison was also made of the effects of using pirre oxygen and compressed 
air. 

The curve form, inspiratory rexpiratory ratio and rate were kept constant 
throughout the series. An Anespirator, as irrcviously described, was used 
to produce a symmetrical, biphasic, peaked curve with an inspiratory expira¬ 
tory ratio of 1:1. A cycling rate of 12 times per minute was used througliout 
the studies. 

Methods .—Two groups of mongrel dogs, harang an average weight of 40 
pounds, were used. Ten dogs were used for the tests at the 22 mm. Hg range; 
seven dogs were used for the 15 mm. Hg range. In both groups, all dogs 
were evaluated at the end of each of a scries of 15-minnte test periods. These 
included: (a) an initial control period of normal breathing; (b) closed chest 
controlled respiration periods with intermittent positive pressure (IPP), 
alternating positive-negative pressure (PNP), and intermittent negative pres¬ 
sure (INP), using compressed air; (c) a similar closed chest comparative 
series using pure oxygen; (d) a repeat control period of normal breathing 
before the chest was opened; (c) open chest controlled respiration during IPP 
and PNP on compressed air; and (f) a similar open chest series using pure 
oxygen. In each series, all of the closed chest determinations were performed 
first, the phases being rotated according to calculated random. A wide uni¬ 
lateral thoracotomy was then performed and tlie open chest phases were 
carried out. Intermittent negative pres.surc (INP) was not used in the open 
chest series since it was found to result in the death of all dogs. 

As the position of the pressure breathing curve was shifted from phase 
to phase in the first group of dogs, the amplitude remained the same, i.e., 
IPP = 0 to 22 mm. Hg; PNP = H mm. Hg to —11 mm. Ilg; and INP = 0 to 
-22 mm. Hg. In the second group, the amplitude was reduced so that IPP = 
0 to 15 mm. Hg; PNP = 7.5 to —7.5 mm. Hg; and INP = 0 to —15 mm. Hg. 

Ether anesthesia was used and the controlled respiration was performed 
via a tracheal cannula. Blood pressure was monitored continuously on a 
Sanborn Twin Viso from a cannula in the femoral artery. Blood samples for 
analysis were withdraum at the end of each 15-minute experimental period 
from this same cannula vua a three-way stopcock. Arterial oxygen saturation 
was determined speetrophotometrically according to the method of Nahas,” 
and arterial pCO- was calculated from the nomogram of Singer and Hastings’” 
after determination of pH and CO- content. 

Results and Conclusions .—In reviewing these results, tlie important con¬ 
cept is that determination of the most efficient tj-pe of controlled respiration 
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requires an integrated appraisal of all of the cardiorespiratory factors studied 
—^blood pressure, oxygen saturation, and carbon dioxide tension. Superiority 
of a single factor does not establish the method as the best. 

The results of all phases with both groups of animals are summarized in 
Fig. 3. In the closed chest phases at the higher pressure range, positive¬ 
negative pressure breathing gave the greatest over-all superiority. Although 


COMPARATIVE CONTROLLED RESPIRATION STUDIES IN DOGS 



l~1 BREATHING ROOM AIR 

BREATHING 100% OXYGEN 

3E-31I □ both series- breathing room Air and ioo% oxygen 


Pig. 3 .—Cardiorespiratory effects of varying the position and amplitude of the controlled 
respiration curve in closed chest and open cliest dogs. 


IPP resulted in the same degree of oxygenation and carbon dioxide elimina¬ 
tion, there was a significant difference in the blood pressure response. This 
resulted from the depressant effect of the high mean airway pressure with 
the IPP curve. 

The use of INP is not clinically applicable, but was included here for the 
sake of completeness. The amounts of negativity applied far exceed the 
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usual limits of negative piessuie bieatliiiig uhen used m conjunction uuth 
positiie piessuie Hoiveiei, the use of this amount of negatne piessuie is 
infoiniatiie since it exaggeiates the lesultant effects As might ho expected, 
blood pressuie was enhanced by the ncgatnitj, but the oxjgen satuiation 
was seieioly depiessod since the bicathing uas accomplished entiiclj mtliin 
the exjuiatory lesene \olunie This would keep the lungs fluctuating be 
tween a collapsed state and a nential state at all times ivith no active aheolar 
inflation 

Polloiving INP bieathing, the pCO: uas eleiated aboic the i allies oh 
tamed uith the othci methods The leason foi this is the same as foi the de- 
piessed oxjgen satuiation noted above, inadequate aheolai aciitilation This 
emphasizes an impoitant concept, nainelj, caibon dioxide is not “sucked” 
out of the lungs bj negative piessuie deflation, but lathei it is “flushed” out 
by adequate aheolai lentilation duniig positiie piessuie inflation ruithei 
eiidcnee of this phenomenon is leicaled bj the compaiatne aiteiial oxygen 
satuiation and pCO~ lalues dunng ■ventilation with compiessed an and puie 
oxygen Compiessed an (20 pei cent oxygen) ahvajs lesulted in lovvei 
oxygen satuiation values than did pute oxjgen with all types of contiollod 
lespnation However, the pCO- values vveie the same with eithei gas Heio 
again, elimination of caibon dioxide by aiij ventilating gas is a function of 
the aheolai flushing action icsultiiig fioin the typo of ventilation used, 
vvheieas the oxjgen satuiation is diiectly ielated to the conecntntion of 
oxygen in the ventilating medium as well as the adequaej' of aheolai vontila 
tioii 

Dining open thoiaootomj', blood piessuie and oxjgen satuiation vveie 
ahvajs lovvei vvuth any tjpe of ventilation than with the ssme tjqie in the 
closed chest AVith the chest open, IPP bieathing piovided iieai noinial 
oxj’geii satuiation and the greatest elimination of caibon dioxide Although 
blood piessuie was slightlj' lower with IPP than with PNP in the open chest, 
the diffeienee was not significant The use of -11 mm Hg nogative piessuie 
heie lesulted in piofoiind dcpiession of the aitciial oxygen satuiation (espe 
cially with the use of compi essed an) High iiegativ itj with PNP open chest 
ventilation results not oiilj in collapse of the lung on the opened side, but the 
mediastinum is displaced to the unopened side, lesultuig in some pulmonai-j 
collapse on the unopened side This effect is moie inaiked in the dog than in 
man because of the thin, unstable natuie of the canine mediastinum, it is also 
moie marked heie than with the usual amounts of negativitj used elimeallv 

For the same leasons, INP cannot be used at all duiing open thoiacotomj 
in dogs When attempted it univcissllv lesults in the rapid death of the 
animals Even when PNP is used on open chest dogs, the shape of the pies 
siiie bieathing cmve is alteied because of the minimal mcdnstinal siippoit 
Following the positive piessuie phase, the negative phase is .ibiiipt and 
shortened because of i apid collapse of both lungs 

Kcvicvv of Fig 3 levcals that esscntiallj the same lelative findings le¬ 
sulted in the gioup of dogs tested at the lower pressuie lange (15 iniii Hg) 
PNP again was siipcnoi in the closed chest phases, and IPP was cquallj 
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effective witli the chest opened. The arterial oxygen saturation and the 
carbon dioxide elimination were someAvhat less than in the pre^^.ous group, 
but this is a logical consequence of the diminished amplitude of positive pres¬ 
sure. Blood pressure differences were also relatively less pronounced because 
of the lower mean airway pressure. 

Throughout all phases (except INP in the closed chest) the pCO^ levels 
were maintained well below normal. This is consistent with the observation 
that adequate IPP or PNP controlled respiration usually results in hyper¬ 
ventilation apnea with respiratory alkalosis. 
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Fig 4_Cardiorespiratory effects of varying the curve shape and inspiratory: expiratory ratio 

in closed chest dogs. 


THE EFFECTS OF VARYING THE SHAPE AND INSPIRATORY :EXPIRATORY RATIO OF THE 

PRESSURE BREATHING CURVE 

In the previous studies we determined the effects of varying the position 
(IPP, PNP, INP) and amplitude (22 mm. Hg range, and 15 mm. Hg range) 
of the pressure breathing curve. Eemaining characteristics to be evaluated 
include the curve shape and the ratio of inspiratory :expiratory duration. A 
carefully controlled, comparative study of these factors was performed on a 
group of closed chest mongrel dogs and is reported here. 

Three distinctive curve shapes were evaluated (Fig. 4). The curve shape 
was dependent upon the automatic cycling mechanism of the machines used. 
All of these units were equipped with adjustable pressure controls, but the 
actual cycling mechanisms were of the types previously described, namely: 
(1) pressure-cycled; (2) volume-cycled; and (3) time-cycled. 
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The pressure-cycled unit (Anespirator) has a constant flow rate and 
builds up pressure differentials that activate a diaphragm mechanism. This 
produces a peaked, hiphasic euiwe udth almost straight-line slopes having 
approximately equivalent inspiratory and expiratory duration and sharp 
maximum peak pressures (Types III and VI, Fig. 4). 

The volume-cycled imit (Jefferson Ventilator®) ventilates by means of a 
bellows mechanism. Adjustable pressure-limiting rmlves are used to divert 
the excess volume from the bellows. The volume is large and the inspiratoiy 
and expiratory strokes are rapid. Since the volume of the bellows exceeds 
the intrapulmonary volume required at the pressure settings used, the inspira¬ 
tory and e.xpiratoiy pressures are reached rapidly and the peaks of inspiration 



Fis. 5 Time-cycled controlled respiration and resuscitation unit for producing "pliysloiogically 
lueal airway pressure curve characteristics. 

and expiration are cut off, resulting in flat inspiratory and expiratory plateaus 
and a square curve form (Types II and V). Kate and inspiratory:oxpiratory 
ratio are adjustable. 

The normal closed circuit pressure pattern which we recorded earlier 
(Fig. 1) has a gradual pressure rise to a short imspirafory plateau followed by 
an abrupt fall during exinration to a prolonged expiratory plateau. The ratio 
of inspiratory duration to expiratory duration wa.s between 1:1.5 and 1 ;2. 

•Air-Shields, Inc., Hntboro, Pa. 
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Wc desiied to evaluate this shape of curve also. An opportunity to do so 
was piOAided by a time-cycled, blower-type of controlled respiration unit* 
(Fig. 5). Independently adjustable controls are provided for rate (5 to 40 
per minute), i)Ositivc pressure (10 to 30 mm. Ilg), negative pressure (0 to -10 
mm. Hg) and ratio of inspiration to expiration (1:1, 1:2, and 1:3). The 
actual cycling is accomplished on the basis of the timing of the inspiratory: 
ex]5iratory ratios. The unit has a high instantaneous flow rate (150 to 200 
liters per minute) and produces a curve form (Types I and TV) similar to the 
so-called '‘normal” pressure breathing pattern observed earlier. 

Methods .—These studies were perfoi'med on ten mongrel dogs averaging 40 
pounds in weight. The dogs were prepared and determinations were made 
as described previously. After initial control readings were taken, each dog 
had all six variations of curve form shown in Fig. 4 performed for 15-minute 
periods each. Blood pressure, arterial oxygen saturation, and pCOs were 
measured at that time. The curve forms were rotated in their order of per¬ 
formance. 

This protocol provides a ciitieal eomijai'ison not only of three curve shapes 
and two inspiratory :expiratory ratios (1:1 and 1:2) produced by three types 
of cycling mechanisms, but also incorporates a cross comparison of two pres¬ 
sure ranges (15 to -5 mm. Hg, and 15 to -15 mm. Hg) and two mean mask 
pressures (zero and +5 mm. Hg). Having previously considered the issues of 
curve position and amplitude, this series of tests should provide the additional 
data required to evolve the physiologically ideal controlled respiration curve 
characteristics. 

Results and Conclusions. —^Fig. 4 reveals that all of these curve shapes and 
inspiratory-expiratory ratios provide essentially the same degree of oxygena¬ 
tion and carbon dioxide elimination. This is a reflection of the adequacy of 
alveolar ventilation resulting from curves with positive pressure phases of 
15 mm. Hg. The oxygen saturation of Curves I and II is slightly, but not 
signiflcantly, higher than observed with the other curves. 

All curves have an inspiratory :cxpiratory ratio of 1:1, except Curves I 
and II, which have a 1:2 ratio. The two curves (V and VI) with a positive 
mean airway pressure (-t-5 mm. Hg) had a blood pressure reading significantly 
below the other curves, which had mean airway pressures of zero. The effect of 
an elevated airway pressure in reducing cardiac output and arterial pressure 
has been well documented by previous investigators.^-^'' It is important to 
note that these blood pressure effects resulting from elevation of the mean 
airway pressure occurred in essentially normal animals. The studies of 
Maloney and associates'^ and Hubay and co-workers^® have indicated that the 
circulatory effects of pressure breathing are accentuated in the presence of 
hypovolemia or shock. 

However, in Curves I through IV, where the mean airway pressure was 
maintained c4 zero, marked differences in blood pressure still occurred. 
Curves III and IV showed greater circulatory depression than Curves I and 
II This could not have resulted from the greater negativity used in these 

developed by E and J Manufacturing Co., Burbank, Calif. 
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instances since our previous studies (Part III) and Wliittenberger’s review 
of the subject" have indicated that ncgati\nty enhances circulatory effects in 
the closed chest. Curves I and IV have the same shape, so curve form per se 
could not be the cause of this difference in arterial blood pressure. The re¬ 
maining difference between Cuiwcs I and II and Curves HI and IV is the 
ratio of inspiratory :expiratory duration. The former have a 1:2 ratio and 
the latter a 1:1 ratio. At any one pulse rate, the curve with a 1:1 ratio has 
a greater number of heartbeats during the positive pressure than a curve with 
a 1:2 ratio. This factor accounts for the circulatory superiority of Cuiwes I 
and II. 

Motley and co-workers^^ emphasized this point in their careful studies of 
intermittent positive pressure breathing. They showed tliat positive airway 
IJi'Cssure during inspiration results in decreased net filling pressure and de¬ 
creased cardiac output from the right heart. A rapid fall in pressure during 
expiration results in an increase in net filling pressure leading to an increase 
in cardiac output. AVith the expiratory duration exceeding the inspiratory, 
the heart is able to compensate for the impairment due to pressure breathing. 

During in.spiration the left heart briefiy increases its output (for 3 to 5 
beats) due to increased filling by blood squeezed out of the lungs. However, 
after a short interval the effect of reduction in right heart output is trans¬ 
mitted to the left heart, resulting in a fall in left heart output and a reduction 
in arterial pulse pressure. Therefore, it is important to provide a longer 
expiratory phase. This permits more heartbeats during expiration, which 
allows the heart to compensate for the decreased output occurring during 
positive pressure inspiration. 

AVerko’s studies*^' on the effects of positive pi'cssure breathing on the 
circulation in man further emphasize the importance of the beat-to-bcat effect 
and the advantage of a rapid foil in expiratory pressure with an expiratory 
phase exceeding the inspiratory in duration. 

Although Curves I and II both have an inspiratory :expiratory I’atio of 
1 ;2, the same amplitude of pressure change, and the same mean airway pres¬ 
sure, the former curve reveals less Impairment of blood pressure. This effect, 
then, must be related to the curve form. A beat-to-beat analysis again pro¬ 
vides the explanation. AATth Curve II, all of the heartbeats during the inspira¬ 
tory phase are during maximum pressure, duo to the square curve form. 
During inspiration vrith Curve I, maximum pressure is exerted only during the 
terminal inspiratoiy plateau portion of this phase, thereby resulting in loss 
detriment to circulation. 

This beat-to-beat blood pressure effect can easily bo demonstrated by 
monitoring the continuous simultaneous record of arterial blood pressure and 
controlled respiration breathing curve. Fig. 6 illustrates that when a 1:2 
ratio is used, the beat-to-bcat effect on blood pressure is a rise during two- 
tliirds of the ro.spiratory cycle and a fall during onc-tliird of the cycle. In 
the final analy.sis. Curve I most nearly approaches the “physiologically ideal” 
airway pressure curve. Such a curve must have an adequate inspiratorj’ 
plateau to provide uniform alveolar ventilation for arterial.oxygen saturn" 
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and caiboii dioxide elimination. Howevez*, the inspiz’atory positive pressui'e 
must be sustained only long enough for optimal ventilatory efteets, with mini¬ 
mal detriment to the circulatoi’y system. 

The 1 ;2 inspiratoi’y ;expiratory ratio is usually best. Howevei*, there are 
instances where special circumstances dictate the use of a different ratio. In 
the lung which has decreased compliance (pulmonary edema, fibrosis, etc.), 
obsti'uction (secretions), or increased I’esistance (bi’onchospasm) it becomes 
necessary to reduce the flow rate, increase the pressure, or augment the in- 
spiratoiy duration, or use a combination of these techniques. In such a 
situation it may prove beneficial to use a 1:1 ratio of inspiratory :expiratory 
duration, at least temporarily. 



RATE= I2x per MINUTE 

Fig. 6. —Beat-to-beat circulatory effects with "physiologically ideal” PNP breathing curve. 


In the asthmatic or emphysematous chest, expiratory flow is the ventila¬ 
tory problem. In addition to slowing the rate, in such instances it may also 
be neeessazy to use a 1:3 inspiratoiy lexpiratoiy ratio. 


CLINICAL APPLICATION OF VARYING THE CH.VRACTERISTICS OP THE PRESSURE 
BREATHING CURA^ IN CLOSED AND OPEN CHEST HUJIAN BEINGS 

The previous portions of tins work have detailed, controlled, comparative 
studies of the effects of the various characteristics of the pressure breathing 
curve on the cardiorespiratory dynamics of closed and open chest dogs. On 
a practical basis, it becomes important to determine the applicability of these 
findings to human beings. 

Two series of studies were performed on human beings: 

1. Open chest: Twelve patients were studied during exploratory thora¬ 
cotomy for resection of various tjqies of pulmonary pathology, including 
tuberculosis, bronchiectasis, carcinoma, and granuloma. In each case, as soon 
as the chest was opened, the extent and nature of the pathology were deter¬ 
mined but the resection per se was not pei'foimed until after the completion 
of four ten-minute test periods ^vith various forms of controlled respiration. 
In this way, each patient represented a completely controlled series, since the 
effects of extraneous factors, such as surgical manipulation, hemorrhage, pul- 
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monary compression, etc., wei'C eliminated and the observed cardiorespiratory 
effects reflected only the djmainies I’esulting from the controlled respiration. 

2. Closed chest: The other group consisted of twelve normal adult male 
student volunteers in whom controlled respiration studies under anesthesia 
were performed with the chest closed. 

Methods .—^^Vfter being anesthetized and intubated with a cuffed endo¬ 
tracheal tube, each subject and patient had an indwelling polyethylene 
catheter placed in the femoral artery. By means of a three-way stopcock, 
isotonic saline was infused to keep the catheter open, blood pressures were 
recorded on a Sanborn Poly-Viso via a Statham strain gauge and amplifier, 
and blood samples were withdi-awn for dctennination of pCO.. 

Arterial oxygon saturation -was determined by means of a Wood direct 
i-eading ear oximeter^” converted to record on a direct writing potentiometer.”* 
The nomogram of Singer and Hastings’" was used to calculate pCO-, as noted 
previously. 

During the closed chest studies, initial control determinations wore first 
made on the anesthetized subjects. Then each was evaluated during four 
ten-minute test periods of conti'olled respiration. These consisted of: (1) IPP 
breathing at 0 to 15 mm. Ilg by means of the prcssnre-oj'oled Anespirator, 
which gives peaked, biphasic curves and a 1:1 ratio of inspiration to expiz-a- 
tion; (2) IPP breathing at 0 to 15 mm. Hg by means of the E and J time- 
eyoled controlled respiration unit, which provides a physiologically ideal 
shaped curve and a 1:2 ratio; (3) PNP breathing at 15 znm. Hg to -5 mm. Ilg 
with the Anespirator; and (4) PNP bz-eathing at 15 mm. Hg to -5 mm. Hg 
with the E and J controlled rcspiz'ation unit. The methods wore rotated 
z’andomly in their order of pez’foz-nzazzce. 

The patients undergoing thoracotomy had a sot of closed chest control 
determinations znade during sizrgczy before the pleuz-a was opened. Open 
chest control determinations wez-e znade after the lung had been freed izp azzd 
the nature and extent of the pathology determined. Each patient was then 
evaluated at the end of the same four test pez-iods of controlled z'espiration as 
described for the closed chest humazz beings. The rcgzzlar closed circuit of 
the anesthesia machine is izsed for these controlled I'cspiz-ntion units. The 
pressure vaz-iations are exez'ted on an azzesthesia breathing bag suspended in 
azz aiz'tight plastic globe. 

Results and Conclusions .—In both the closed and opezz chest human sez-ie.s, 
the over-all findings zverc izz agz-ceznent rvith those observed on dogs in the 
preceding sections. Pig. 7 reveals that in the closed chest better z-esizlts arc 
obtained for blood pressure, oxygen satui-ation, and pCO. zz’ith both types 
of cuz-ves during PNP breathing than with these same curves during IPP 
breathing. Howevez', the ideal PNP contz-ollcd respiration curve prozddes 
the optimal arterial oxygenatiozz, caz-bozz dioxide elimination, and blood pres¬ 
sure eloz'ation izz closed chest cases. 

In the opezz chest patient.s, the ideal II’P controlled respiz'ation curve 
pz-ovided the most satisfactory ovcz'-all effects ns rogaz-ds o.xygen saturation, 
carbon dioxide elimination, and maintenance of blood jresstzz'o. Both IPBn^..^ 
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and carbon dioxide elimination. However, the inspiratory positive pressure 
nrast be sustained only long enough for optimal ventilatory effects, with mini¬ 
mal detriment to the circulatory system. 

The 1 ;2 inspiratory lexpiratory ratio is usually best. However, there are 
instances where special circumstances dictate the use of a different ratio. In 
the lung which has decreased compliance (pulmonary edema, fibrosis, etc.), 
obstruction (secretions), or increased i*esistanee (bronchospasm) it becomes 
necessary to reduce the flow rate, increase the pressure, or augment the in¬ 
spiratory duration, or use a combination of these techniques. In such a 
situation it may i^rove beneficial to use a 1:1 ratio of inspiratory :expiratory 
duration, at least temporarily. 
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RATE= I2x per MINUTE 


Pig G —Beat-to-beat circulatory effects with “physiologically ideal” PNP breathing cu^^ e 

Ill the asthmatic or emphysematous chest, expiratory flow is the ventila¬ 
tory problem. In addition to slowing the rate, in such instances it may also 
be necessary to use a 1 -3 inspiratory :expiratory ratio. 


CLINICAL. APPLICATION OF VARYING THE CHARACTERISTICS OF THE PRESSURE 
BREATHING CUR%TE IN CLOSED AND OPEN CHEST HUMAN BEINGS 

The previous portions of this work have detailed, controlled, comparative 
studies of the effects of the various characteristics of the pressure breathing 
curve on the cardiorespiratory dynamics of closed and open chest dogs. On 
a practical basis, it becomes important to determine the applicability of these 
findings to human beings. 

Two series of studies were performed on human beings; 

1. Open chest: Twelve patients Avere studied during exploratory thora¬ 
cotomy for resection of various types of pulmonary pathology, including 
tuberculosis, bronchiectasis, carcinoma, and granuloma. In each case, as soon 
as the chest Avas opened, the extent and nature of the pathology were deter¬ 
mined, but the resection per se was not performed until after the completion 
of four ten-minute test periods Avith various forms of controlled respiration. 
In this way, each patient represented a completely controlled series, since the 
effects of extraneous factors, such as surgical manipulation, hemorrhage, pul- 
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inonary compression, etc., wei’C eliminated and the observed cardiorespiratory 
effects reflected only the dynamics resulting from the controlled respiration. 

2. Closed chest; The other group consisted of twelve normal adult male 
student volunteers in whom controlled respiration studios under anesthesia 
were iierformcd with the chest closed. 

Methods .—^After being anesthetized and intubated with a cuffed endo¬ 
tracheal tube, each subject and patient had an indwelling polyethylene 
catheter placed in the femoral arteiy. By means of a three-way stopcock, 
isotonic saline was infused to keep the catheter open, blood pressures wore 
recorded on a Sanborn Poly-Viso via a Statham strain gauge and amplifier, 
and blood samples were withdrawn for determination of pCO-. 

Arterial oxygen saturation was determined by means of a AVood direct 
reading ear oximeter-" converted to record on a direct writing potentiometer."* 
The nomogram of Singer and Hastings*" was used to calculate pCO;, as noted 
previously. 

During the closed chest studies, initial control determinations wore first 
made on the anesthetized subjects. Then each was evaluated during four 
ten-minute test periods of conti-olled respiration. These consisted of; (1) IPP 
breathing at 0 to 15 mm. Ilg by means of the prcssure-cyeled Anespirator, 
which gives peaked, biphasic eun'cs and a 1:1 ratio of inspiration to expira¬ 
tion; (2) IPP breathing at 0 to 15 mm. Hg by moans of the E and J time- 
cycled controlled respiration unit, which provides a physiologically ideal 
shaped curve and a 1 ;2 ratio; (3) PNP breathing at 15 mm, Hg to -5 mm. Hg 
with the Anespirator; and (4) PNP breathing at 15 mm. Hg to -5 mm. Hg 
witli the E and J controlled respiration unit. The methods were rotated 
randomly in their order of performance. 

The patients undergoing thoracotomy had a set of closed chest control 
determinations made during surgeiy before the pleura was opened. Open 
chest control determinations were made after the lung had been freed up and 
the nature and e.xtent of the pathology determined. Each patient was then 
evaluated at the end of the same four test periods of controlled respiration as 
described for the closed chest human beings. The regular closed circuit of 
the anesthesia machine is used for these controlled respiration units. The 
pressure variations are exerted on an anesthesia breathing bag suspended in 
an airtight plastic globe. 

Bestdts and Conclusions .—In both the closed and open chest human scries, 
the over-all findings were in agreement rvith those observed on dogs in the 
preceding sections. Fig. 7 reveals that in the closed chest better results are 
obtained for blood pressure, oxygen saturation, and pCO- with both types 
of curves during PNP breathing than -(vith these same curves during IPP 
breathing. However, the ideal PNP controlled respiration curve provides 
the optimal arterial oxygenation, carbon dioxide elimination, and blood pre.s- 
sure elevation in closed chest cases. 

In the open chest patients, the ideal IPP controlled respiration curve 
provided the most satisfactory over-all effects ns regards o.xygon saturation 
carbon dioxide elimination, and maintenance of blood pressure. Both IPP 
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curves provided better oxygenation and CO 2 elimination than did the same 
curves during PNP breathing. The use of a negative pressure phase with 
open chest human cases did not elevate blood pressure significantly, and re¬ 
sulted in less effective arterial oxygen saturation and carbon dioxide elimina¬ 
tion. This is in agreement with our findings in the dogs. 



Fig. 7.—Cardiorespiratory efEects of controlled respiration in open and closed chest human 

beings. 


Throughout these human studies the results show a consistent trend, i.e., 
PNP breathing is superior in the closed chest, tlie ttse of a negative phase does 
not serve any significantly useful purpose in the open chest, and the curve 
with the ideal characteristics produces superior cardiorespiratory effects with 
either IPP or PNP breathing. Sometimes the actual differences between the 
methods are not great. HoAvever, in all instances, they corroborate the previous 
findings in the dog studies. Furthermore, all of these closed chest and open 
chest human studies were carried out under carefully controlled conditions 
with the subjects and patients maintained in an essentially normal state. As 
previously pointed out, these cardiorespiratory effects are known to be 
accentuated by shock, hemorrhage, cardiovascular instability, etc. 

Bate: Detailed controlled studies of cycling rate were not performed in any 
of these tests. However, we found that a near-normal cycling rate of 12 times 
per minute provides normal oxygenation and carbon dioxide elimination in 
most adult cases. Slowing the rate below this level can result in ventilatory 
insufficiency. Significantly faster rates do not usually aid ventilation or 
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eiidilation and sene further to eliminate caibon dioxide, uliich is alieady 
1 educed to an alkalotic leiol by a rate of 12 pei minute If late becomes too 
fast, the inspiiatoi-j phase can be shoiteiied to the point wheic inadequate 
aheolai icntilation results 

No contioiled lospiiation studies wcie earned out on infants or childion 
Goddard and associates'" have shoun that nenboin resuscitation lequires 
special consideiation of piessuie and time lelationships Howeiei, foi in¬ 
fants and childien bejond this neonatal stage, the same euiie foim and 
chaiacteristics should be used as ruth adults, luth the exception of the late 
Accoiding to the nomogiam of Radfoid,’’ infant respiratoiy lates lange be 
tween 30 and 50 and ehildien betucen 18 and 30 For eontiolled lespiiation, 
a rate appi caching these noimal lei els should be used 

Manual contt oiled jespiiation Contiollcd lespiiation in the foim of manual 
compicssion of the anesthesia bag is still used moio frequently in most hospitals 
than automatic controlled respiiatioii The principles elucidated heie legaid 
ing the cardioiespiratoiy effects of the ciuie foim and chaiacteiistics appl} 
equally to this foim of contiollcd lespiiation It is not possible to administei 
a nogatne phase lutli the usual anesthesia maehinc Iloiveioi, intoimittent 
positno pressuie can bo administcicd In means of a cunc vlnch is as physio 
logically ideal as that obtained luth an automatic douce 

Pig 8, A, shows such a manual contiollcd lespiiation pattern and, in the 
table below, illustiites the minimally' dcpicssant elfeet it has on blood pies 
sure Pig 8, B, C, and D icieals the dcleteiious oiieulaton effects which result 
fiom incioasing the airway piessmc by incomplete lelease of the anesthesia 
bag, sustaining the inspiiatoiy phase too long and too lapid cycling 

A physiologically ideal bicatliing euivc should be the goal in lesusoita 
tioii and controlled lespiiation by cither manual oi meehanicil means 

Ilypci ventilation alkalosis The hazaid of respiiaton acidosis duiiiig 
thoiaeie surgeiy has been sticssed by Bcechei and Mtiiphy It has been 
re emphasized by otheis and shown to be picsent in depressed states and le 
suscitativc conditions Diipps and Sciennghaus'® hare leeently leiiewed the 
effects of hypeicaibia, and Blown, Jlillci, and cowoikcrs"' hare studied 
the soiious icsults of lapid caibon dioxide cliniination 

Iloweior, as leicalcd in all of oui studies, the use of automatic contiollcd 
lespiiation picients lespiratoiy acidosis, except in the ease of INP (Fig 3), 
which is not used clinically All methods of nieclnnical bieathing which weio 
eonsideied adequate resulted in hypcii eiitilation alkalosis, as indicated by 
the depressed pCO- values This laiscs the question of whothei the alkalosis 
lesulting fiom passive hypeneiitihtion can be delctciious 

Active hypeiventilation lequircs cneigy expcnditnie and icsults in tetany 
and loss of consciousness IIowcvci, thcie has novel been well substantiated 
evidence tint passive hypeiventilation alkalosis, such as that lesulting from 
use of tank lespiiatois oi contiollcd lespiiation units, is daiigeious or dele 
tenons Jforch, Saxton, and Gish’* have reported keeping patients in hyqier- 
V entilation alkalosis for long periods of time without any apparent difficulty 
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curves provided better oxj’^genation and CO 2 elimination than did the same 
curves during PNP breathing. The use of a negative pressure phase with 
open chest human cases did not elevate blood pressure significantly, and re¬ 
sulted in less efiiective arterial oxygen saturation and carbon dioxide elimina¬ 
tion. This is in agreement with our findings in the dogs. 
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Fig. 7.—Cardiorespiratory effects of controlled respiration in open and closed chest human 

beings. 


Throughout these human studies the results show a consistent trend, i.e., 
PNP breathing is superior in the closed chest, the use of a negative phase does 
not serve any significantly useful purpose in the open chest, and the curve 
with the ideal characteristics produces superior cardiorespiratory effects with 
either IPP or PNP breatliing. Sometimes the actual differences between the 
methods are not great. However, in all instances, they corroborate the previous 
findings in the dog studies. Furthermore, all of these elosed chest and open 
chest human studies were carried out under carefully controlled conditions 
with the subjects and patients maintained in an essentially normal state. As 
previously pointed out, these cardiorespiratory effects are known to be 
accentuated by shock, hemorrhage, cardiovascular instability, etc. 

Rate: Detailed controlled studies of cycling rate were not performed in any 
of these tests. However, we found that a near-normal cycling rate of 12 times 
per minute provides normal oxygenation and carbon dioxide elimination in 
most adult cases. Slowing the rate below this level can result in ventilatory 
insufficiency. Significantly faster rates do not usually aid ventilation or 
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circulation and serve further to eliminate carbon dioxide, which is already 
reduced to an alkalotic level by a i-ate of 12 per minute. If rate becomes too 
fast, the inspiratory phase can be shortened to the point where inadequate 
alveolar ventilation results. 

No controlled respiration studies were carried out on infants or children. 
Goddard and associates"- have shown that newborn resuscitation requires 
special consideration of pressure and time relationships. However, for in¬ 
fants and children beyond tliis neonatal stage, the same curve form and 
characteristics should be used as with adults, with the exception of the rate. 
According to the nomogram of Radford,-^ infant respiratory rates range be¬ 
tween 30 and 50 and children between 18 and 30. For controlled respiration, 
a rate approaching these normal levels should be used. 

Manual controlled respiration: Controlled respiration in the form of manual 
compression of the anesthesia bag is still used more frequently in most hospitals 
than automatic controlled respiration. The principles elucidated here regard¬ 
ing the cardiorespiratoiy effects of the curve form and characteristics apply 
equally to this form of controlled rc.spii-ation. It is not possible to administer 
a negative phase with the usual anesthesia machine. However, intermittent 
positive pressure can be administered by means of a curve which is as physio¬ 
logically ideal as that obtained with an automatic device. 

Pig. 8, A, shows such a manual controlled respiration pattern and, in the 
table below, illustrates the minimally depressant effect it has on blood pres¬ 
sure. Pig. 8, S, C, and D reveals the deleterious circulatory effects which resvrlt 
from increasing the airway pressure by incomplete release of the anesthesia 
bag, sustaining the inspii'atory phase too long, and too rapid cycling. 

A physiologically ideal breathing curve should be the goal in resuscita¬ 
tion and controlled respiration by either manual or moehanical means. 

Hyperventilation alkalosis: The hazard of respiratory acidosis during 
thoracic surgery has been stressed by Beecher and Murphy.-' It has been 
re-emphasized by others and shown to be present in depressed states and re- 
suscitative conditions. Hripps and Severingbaus-^ have recently reviewed the 
effects of hypercarbia, and Brown, Sliller, and co-workers"®- have studied 
the serious results of rapid carbon dioxide elimination. 

Howevez-, as rei-ealed in all of oar studies, the use of automatic controlled 
respiration prevents respiratory acidosis, except in the case of INP (Fig. S), 
wlzich is not used clinically. All nzethods of mechanical breathing which were 
eonsidei-ed adequate i-esulted in hjqzcrvcntilation alkalosis, as indicated Iiy 
the depressed pCO: values. This i-aises the question of whether the alkalosis 
resulting from passive hjqzerventilation can be deleterious. 

Active hyperventilation requires energy e.xponditnro and re.mlts in tr-V-y 
aizd loss of consciousness. However, tlici-c has never been irell-suhsternr'-I 
eridenee that passive hyperventilation alkalosis, .such as that rem/nar 
use of tank i-espiratozs or controlled respiration imifs, is dam-ervas 
terious. Moreh, Saxton, and Gislr® have reported keepin- patfezts it i."' " 
ventilation alkalosis for long periods of time without any .Si 
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However, Crane, Affeldt, Austin, and Bower^® have come to question the de¬ 
sirability of this condition on the basis of their findings in poliomyelitis pa¬ 
tients. 

For the present, it is generallj^ assumed that passive hyperventilation 
alkalosis does not have serious consequences, at least when only used for 
limited periods during controlled respiration or resuscitation. 


MANUAL CONTROLLED RESPIRATION 

(USING ANESTHESIA BAG) 


ISO' 

loot 

50 

01 


125 

75 

25 


_ dip ‘ 

'l/uuiAiU'Liu. 




BLOOD PRESSURE 
(MM HG] 


P 1 



A. IDEAL MANUAL CURVE 


'AIRWAY PRESSURE 1' 
(MM HG) 


M, 


I. i 


B. CONTINUOUS POSITIVE 
AIRWAY PRESSURE 
(BAG NOT RELEASED) 



CURVE TYPE 

MEAN SYSTOLIC BLOOD PRESSURE (MM HG) ! 

UlUftING 

NORMAL 

RESPIRAUOM 

DURING 

CONTROLLED 

RESPIRATION 

difference 

A 

117 

110 

7 

B 

127 

106 

21 

C 

123 

GA 

29 

0 

126 

lOS 

21 


5 -!,^ g_Comparison of ideal and other breathing- curves obtained by manual controlled res¬ 

piration by means of anesthesia breathing bag. 


Negative pressure phase in open chest: Divergent opinions persist regard¬ 
ing the usefulness of a negative pressure phase in open chest controlled 
respiration. Gibbon and Haupt,®® Nealon and associates,®^ and Allbritten and 
co-workers®® advocate a negative expiratory phase in the open chest. They 
find that negative pressure during deflation lowers mean airway pressure, 
although they use an inspiratory expiratory ratio of 1:1, which raises mean 

airway pressure. 
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Bjoik, Bngstiom and associates®^ use a volume cycled positiie negative 
piessure device for contiolled lespiiation dining tlioiacic suigciy, but they 
state, “In the open thorav., the effeet on the cii dilation of a iiegatiie phase 
and a Ion mean pressuie may be less ” 

Huhay, Ankenej, and co workers''* liaie used a bustle flowmeter to 
measuio the beat to beat effeet of IPP and PNP bieathmg Thej find that in 
the open chest “ the inteiposition of a negative phase between positiie 
piessuie lung inflations does not benefit the on dilation signifloantlj ” This 
IS in agreement iiith our findings in animals and human beings 

Waltz, Huba-y, Ankenej, and hleriilP® have studied the piilmonaij liisto 
pathology following positive and negative piessure respiration They found 
that negative pressuie in the open chest lesults in complete collapse of bion 
chioles at lower pressuies Aceoi dingW, they leeommend that effeetiie pul 
monary ventilation can be accomplished with minimal lung damage at a posi 
tiie pressuie lange of +15 to +20 cm of watei and a iiegatne pressuie lange 
of -5 cm of vater The collapse of teimiiial bionchioles with negatne pies 
sure piobably accounts foi the high pCOj obscned in oui dogs subjected to 
INP of zeio to -22 mm Hg This collapse tends to trap air in the ah eoli and 
picient adequate flushing out As mentioned pioviously, caibon dioxide must 
bo flushed out of the alveoli lathcr than being sucked out 

Although our results similarlj indicate that a negative expiiatoiy phase 
serves no significant purpose in the open chest, we iceognize that thoie aie 
oeifain situations in which a small amount of negatiiity may be advisable 
(1) In emphj sematous lungs, negative pressure may be helpful in assisting 
deflation (2) Wheie thcio is expnatoiy icsistance due to a naiiow endo 
tracheal tube, a negative expiiatoij phase mav pi event ov erdistention (3) 
Use of a veiy lapid cycling late may allow insufficient time foi adequate de 
flation without the addition of a negative phase (4) Oveidistention from 
any cause maj hinder the surgeon and necessitate negative piessuie deflation 
to 1 educe obsciuation of the field 

If negativitj is used, it need not exceed -5 mm Hg if the cui v e shape and 
inspiiatoiy expiratory latio aie physiologic Excessive negativity promotes 
complete collapse of the lung in the open chest This lung may then con 
stitute a venoaiteiial shunt,'■> and it also lequiies moie than the usual pies 
sin es foi reinflation 

suvniiRv and conclusions 

1 Caiefullj controlled, eoinpaiative tests, peifoimed on both open and 
closed chest dogs and human beings, have established the chaiactciisties of the 
“physiologicallj ideal” controlled respiration euive (Fig G) on the basis of 
aiterial oxygen satuiation, pCOj and blood piessuie dcfeiminations These 
are 

Shape The euiTe should have a giadual pressuie rise to a short inspiiatorj 
plateau followed bj an abiaipt oxpiiatory fall to a longei expiiatoij plateau 
Position Positive negative pressuie (PNP) piovidcs ovei all siipeiior con 
tioiled lespiiation in the closed chest This is due to the effoer^ ♦i>e nn 
phase in lowciing mean airvvaj piessure so that the delct 
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inspiratory positive pressure on cardiac refill (and ultimately on cardiac oiit- 
put and arterial blood pressure) can be compensated for during the expiratory 
phase. With the open chest, the use of a negative pressure phase provides no 
significant circulatory benefit and, if excessive, may be deleterious as regards 
ventilation. IPP breathing is recommended in the open chest, except under 
special circumstances which have been detailed. 

Amplitude: Positive pressure of approximately 15 mm. Hg is required to 
provide uniform alveolar ventilation. This influences both oxygenation and 
carbon dioxide elimination. Negative pressure, when used, serves only to 
lower the mean airway pressure in the closed chest, thereby avoiding cir¬ 
culatory embarrassment. With the unilaterally open chest the lung can col¬ 
lapse after each inspiratory phase, due to loss of intrathoracie negativity. 
Pressure-volume studies indicate that slightly more pressure is usually re¬ 
quired for adequate reinflation in the open chest than in the closed chest. 
With a properly shaped curve, a low mean airway pressure can be attained 
even with these positive pressure phases. The usual PNP range for the 
closed chest should be approximately 15 mm. Hg to -5 mm. Hg, and the usual 
IPP range for the open chest should be approximately zero to 16 mm. Hg. 

Inspiratory:expiratory ratio: For both PNP and IPP in the open or closed 
chest, a 1:2 ratio of inspiration to expiration provides optimal ventilation and 
is least deleterious to the circulation. The duration of inspiratory positive 
pressure influences the blood pressure on the basis of the mean airway pres¬ 
sure and the number of heartbeats during the positive phase. Under eertain 
conditions, which we have detailed, it may be advantageous to vary this ratio. 

Rate: A controlled respiration rate of 12 per minute was found to be ade¬ 
quate for most adults. For infants and children the rate should be increased 
and varied according to their age and size. 

2. This curve form compares favorably with the so-called normal airway 
pressure pattern obtained by use of a large closed circuit reservoir. 

3. This curve form and characteristics can be produced by a time-cycled 
controlled respiration and resuscitation unit. Such a device was used for 
these studies. 

4. This curve form and characteristics can also be produced by manual 
compression of the anesthesia bag (IPPB only). 
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THE SIGNIFICANCE OF THE LUNG-THORAX COJIPLIANCE IN 
VENTILATION DURING THORACIC SURGERY 

VTllia:m E. Brownlee, M.D. (by invitation), and 
Frank F. Allbritten, Jr., ]\I.D. 

Kinsas City, ILvn. 


A dequate pulmonary ventilation during anesthesia is essential for maxi- 
. mum protection of the patient during surgical operations. Previous 
studies of arterial pH, pOo, and PCO 2 during general anesthesia for surgical 
operations have shoivn that the usual methods of providing ventilation fail to 
maintain a consistently normal pCO^ level with eonsequent development of 
respiratory acidosis.^'® In some eases, the arterial pCOo was elevated two or 
three times above the normal level. Inadequate ventilation Avas found to 
occur more often dui’ing intrathoracic operations, espeeially during pneu¬ 
monectomy. It has been found that the effective ventilation was often de¬ 
creased during intrathoracic operations and a considerable increase in minute 
volume was required to provide adequate effective ventilation.^’ ’’’ ® Adding 
assistance to the deflation phase of respiration, as well as to the inflation phase, 
provided consistently adequate ventilation ivithout excessive elevation of air¬ 
way pressure.® This was primarily due to an increase in the ventilatory 
volume. The ventilatory efficiency remained disappointingly loAv. 

The change of the volume of gas in the respiratoiy system per unit in¬ 
crease of the intratracheal pressure is a measure of the distensibility of the 
lungs and the restriction to expansion imposed by surrounding structures. 
This relationship of ainvay pressure to the volume of gas Avithin the respira¬ 
tory system is termed lung-thorax compliance,’® a factor directly related to the 
total Amlume. In the determination of factors responsible for the inefficiency 
of A’entilation during thoracic operations, the lung-thoracic compliance Avas 
studied. This paper presents a study of measurements of lung-thorax com¬ 
pliance made in anesthetized and unanesthetized patients Avith normal and 
diseased respiratorj’- systems preceding, during, and folloAving intrathoracic 
surgical operations. 

METHODS AND SUBJECT MATERIAL 


The methods used in this study have been described elseAvhere in detail.” 
The method used to determine the lung-thorax compliance in the anesthetized 
patients Avas basically that described in 1946 by Rahn, Otis, Chadivick, and 
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Fenn.*“ The unanesthetized patients were allowed to inhale, the airway was 
occluded and the airway pressure was measured with a pressure transducer 
(Statham P23A) during a state of voluntary complete relaxation. The aii- 
way occlusion was released and the volume of passively exhaled gas was 
measured through a pneumotachograph by the electronic integration of rate 
of gas flow against time. This was repeated 20 to 25 times and a volume/pres¬ 
sure curve was plotted as shown in Fig. 1. The average value urns termed 



Fie. 1.—^Lun^-thorax compliance (anesthetized). (Reprinted through courtesy of A.M.A. 
Archives of Surgery ) 


0.8 
S 0.6 

i 0.4 


—Luns-thorax compliance (awake). (Reprinted through courtesy of ASIA. Archi\os 
of Suigerj'.) 

the lung-thorax compliance and was expressed as milliliters of gas per centi¬ 
meter of II-O pressttre change. IMultiple readings were rc(iiiircd to obtain 
statistically .significant results because of the scattering of the plotted points. 
“Training” of the patients was not nsed to increase the degree of relaxation 
nor were any “inaccurate” readings discarded once tho .study was st ^ 


0 P0f«lv« tfcriotion 
• P 0 tir<r« infiongn 


8 10 IZ 14 16 18 

in CtnhTftrtsTS xA 




456 


BROWNLEE AND ALLBRITTEN 


J. Thoracic Surp, 
October, 1956 


This was to prevent bias which was found to occur readily in preliminary 
tests when “training” of the subjects or “selecting” of results was employed. 
A permanent photographic record Avas made of all measurements as they 
appeared on the oscilloscope. 

During anesthesia, the airway pressure was measured as the lungs were 
inflated Avith oxygen during a period of apnea produced by hyperventilation 
or by neuromuscular blocking agents. The airAvay Avas occluded and the 
intratracheal pressure Avas measured. The aiiway occlusion Avas released and 
the amount of passive exhaled gas Avas measured. This Avas repeated 3 to 6 
times in succession during Avhich time all factors influencing lung-thorax com¬ 
pliance Avere kept constant. Immediately following this, the factor under in¬ 
vestigation Avas changed and 3 to 6 more measurements Avere taken in succes¬ 
sion. The Amlume/pressure values during inflation and deflation (6 to 12 
readings) Avere averaged to give the mean lung-thorax compliance for each 
factor measured. The plotted points Avere Adrtually linear during anesthesia 
as shoAvn in Fig. 2 and permitted valid comparison of relatively small changes 
in compliance Avith relatiAmly fcAV measurements. 


RESULTS 


1. Inmg-Thorax Compliance of Controls. —The lung-thorax compliance of 
9 normal, unanesthetized individuals was measured on 32 separate occasions. 
These indiAuduals comprised the normal conti’ol group. All measurements Avere 
made in the supine position AAuthout sedation and before surgical operation. The 
results are shoAvn in Table I. The average lung-thorax compliance Avas 240 
ml./cm. H 2 O. 

- 2. The Effect of Cardiac Disease and Pulmonary Disease on Lung-Thorax 

''Compliance. —The lung-thorax compliance Avas measured in a group of 9 un- 


Table I. Effect op Cardiac Disease and Pulmonary Disease on Lung-Thorax 

Compliance* 


NORMAL 

CONTROLS 


CARDIAC DISEASE 


1 PULMONARY DISEASE 

CASE 

compli¬ 

ance 

(ML./CM. 

CASE 


COMPLI¬ 

ANCE 

(ML./CM. 

CASE 


COMPLI¬ 

ANCE 

(ml./cm. 

NUMBER 

HoO) ! 

number 

DISEASE 

mo) 

NUMBER 

DISEASE 

H-0) 

N", 

350 

Cx 

Mitral stenosis 

220 

p. 

Bronchiectasis 

80 


400 

Co 

Mitral stenosis 

140 

p- 

Bronchiectasis 

290 

No 

130 

Ca 

Mitral stenosis 

70 

Pa 

Bronchiectasis; 
empyema 

210 

N. 

150 

c. 

Mitral stenosis 

100 

P. 

Lung carcinoma 

130 

No 

No 

260 

C5 

Mitral stenosis 

210 

Pa 

Lung carcinoma 

90 

170 

Co 

Patent ductus 
arteriosus 

80 

Pa 

Lung carcinoma 

110 

N, 

210 

Co 

Patent ductus 
arteriosus 

220 

P, 

Metastases to 
lung 

240 

Ns 

310 

Cs 

Cor pulmonale; 
emphysema 

90 

Pa 

Empliysema; cor 
pulmonale 

90 

No 

170 

Co 

Cjo 

Cor pulmonale; 

emphysema 
Pulmonic stenosis 
Pulmonic stenosis 

60 

170 

120 

Pa 

Emphysema; cor 
pulmonale 

60 


9 Cases Average 11 Cases 
240 


130 


140 


♦Unanesthetized. 
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anesthetized patients with pulmonary disease. All measurements were made 
in the supine position without sedation and before surgical operation. The 
results are also shown in Table I. The average lung-thorax compliance was 
130 ml./em. HoO in the group with cardiac disease and 140 ml./oni. H-O in 
the group with pulmonary disease. "When the “t” test was employed, the 
difference in compliance between the normal control group and the cardiac 
disease group was found to be statistically significant at the one per cent 
level. The difference between the normal control group and the pulmonary 
disease group was significant between the one per cent and 5 per cent level. 
No significant difference in compliance existed between the patients with 
cardiac disease or pulmonary disease. 

3. Lung-Thorax Compliance in Vnancstlietizcd Patients Before and After 
Intrathoracic Surgery. —A group of 13 patients undergoing intrathoraeie sur¬ 
gery was studied to determine if a change in lung-thorax compliance occurred 
during the operation and early postoperative period. The lung-thorax com¬ 
pliance was measured in the unanesthetized state in tlie supine position without 
sedation on the day preceding the operation. The lung-thorax compliance 
was measured in a similar manner on the fifth posto])ei'ative day or as soon 
thereafter as pos.siblo. The results arc sliowm in Table II. There was a de¬ 
crease in lung-thorax compliance from an average of 170 ml./em. H20 pre- 
operatively to an average of 110 ml./em. II.O postoperatively. This difference 
was found to be statistically significant between the one per cent and 5 per 
cent level when the "t” test was emplo 3 ’ed. 


Table II. Ltoo-Thoeax CoJtrLiANoE in Unanestiietized Patients Before and Aftek 
Intratiioracio Surgery 


CASE KUMBER 

l OPERATION 

PREOPERATIVE 
COMPLIANCE 
(ML./CM. 11,0) ' 

POSTOPERATIVE 
COMPLIANCE 
(ML./CM. K,0> 

c, 

Mitral valvotomy 

220 

80 

c. 

Mitral valvotomy 

210 

50 

c. 

Division, patent ductus 

80 

60 

c, 

Division patent ductus' 

220 

180 

C,0 

Pulmonic valvotomv 

170 

200 

C,. 

Pulmonic valvotomy 

120 

120 

p, 

Lobectomy 

SO 

70 

p. 

Lobectomy 

290 

130 

p. 

Lobectomy 

210 

120 


Pneurnoncetomy 

130 

50 


Pneumonectomy 

110 

100 

p, 

Thoracotomy 

240 

200 

p. 

Excision of bullae 

90 

90 

13 Case*! 


Averages 170 

110 


4. The Effect of General Anesthesia on Lung-Thorax Compliance. —A group 
of 11 patients undergoing intrathoracic surgery was studied to determine if 
any change occurs during general anesthesia. The lung-thorax compliance 
was measured in the unanesthetized, unsedated, supine patient on the day 
preceding surgeiy. The com])liancc was measured again in the anesthetized, 
supine patient preceding the initiation of the operation. Several different 
types of genera! anesthetic agents were used. Apnea was obtained either bj;. 
hr’perventilation or b.v a combination of hypcrveiU'' T ■ an'’, imnromusen’ 
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blocking agents. The compliance appeared to be independent of the method 
of producing apnea. The results are shown in Table III. There was a large, 
consistent decrease in the lung-thorax compliance from an average of 170 
ml./cm. HoO in the unanesthetized state to an average of 47 ml./cm. H 2 O in 
the anesthetized state. The average decrease was 67 per cent. 


Table III. Effect op General Anesthesia on Lhng-Thoeax Compliance 


case 

NUJIBER 

anesthetic 

AGENT (1)* 

apnea 

induced (2)^^ 

unanesthe¬ 

tized 

COMPLIANCE 
(ML./CM. H.O) 
(3)* 

ANESTHETIZED 
COSIPLIANCE 
(ML./CM. H,0) 
(4)- 

COMPLIANCE 

CHANGE 
(PER cent) 

C- 

T., E. 

H., S. 

140 

42 

-70 

a 

0. 

11 . 

100 

29 

-71 

a 

C. 

H. 

210 

49 

-77 

c, 

C. 

H., S. 

220 

29 

-87 

Cio 

T., C., E. 

H., Sy. 

170 

47 

-72 

Cu 

T., E. 

H., Sy. 

120 

49 

-59 

p. 

C. 

H. 

290 

46 

-84 

p. 

T., E. 

H., S. 

210 

62 

-71 

Ps 

T. 

II., S. 

90 

50 

-44 

P7 

C. 

H. 

240 

57 

-76 

p. 

G., E. 

H. 

90 

61 

-32 

11 Cases 


Averages 

170 

47 

-68 


*(1) E. = Ether; T. = Thiopentothal; C. = Cyclopropane. 

(2) H. = Hyperventilation: S. = Succinylcholine; Sy. = Syncurine. 

(3) All measurements taken in supine position the day preceding operation. 

(4) All measurements taken in supine position before start of operation. 


5. The Effect of the Lateral Position on Lung-Thorax Compliance .—A group 
of 7 patients undergoing intrathoraeic surgery was studied to determine if 
any change in lung-thorax compliance occurs with a shift from the supine 
position to the lateral position. The lung-thorax compliance was measured in 
the anesthetized state prior to the onset of surgery. The measurements were 
made just before and just after the position was changed in order to keep 
all other factors influencing lung-thorax compliance as constant as possible. 
The results are shown in Table TV. ‘The changes in lung-thorax compliance 
that occurred were quite variable, ranging from a decrease of 47 per cent to 
an increase of 14 per cent with an average decrease of 10 per cent. In a 
separate series of patients undergoing miscellaneous types of surgery, obesity 
was found to be an important factor influencing lung-thorax compliance. 


Table IV. Effect op Lateral Position on Lung-Thorax Compliance 


CASE 

number 

a 

C. 

C: 

P- 

P3 

P5 

Vs 


I DISEASE _ 

Mitral stenosis 
Mitral stenosis 
Patent ductus arteriosus 
Bronchiectasis 
Bronchiectasis; empyema 
Lung carcinoma 
Emphysema; cor pul¬ 
monale __ 


7 Cases 


COMPLIANCE IN 1 
SUPINE POSITION 
(MU/CM. H;0) 

COMPLIANCE IN I 
LATERAL POSITION ! 
(ml./cm. H.O) ! 

compliance 

CHANGE 
(PER CENT) 

42 

48 

+14 

49 

41 

-16 

29 

33 

+14 

46 

47 

+2 

62 

33 

-47 

50 

33 

-34 

61 

59 

-3 


Average -10 
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There was an average increase in the lung-thorax of 136 per cent in one very 
obese patient with the shift from the supine to the lateral position. Her 
ventilatory effort dramatically improved as the heavy pendulous breasts and 
the anterior abdominal wall fell away from the thorax and abdomen. Be- 
poated measurements confirmed this .striking change. 

6. The Effect of the Open Chest on Lung-Thouix Compliance.—A group of 
5 patients undergoing intrathoracie surgery uas studied to determine if any 
change in lung-thorax compliance occurs when the chest is opened. The lung- 
thorax compliance was measured in the anesthetized state prior to opening 
the chest and was measured again after the Finoihietto rib spreader ivas in 
place but before the lung was packed or retraetc d to gain exposure. Other 
factois influencing compliance, such as position ot the patient and depth of 
anesthe.sia, were kept as constant as possible The lesnlts arc shown in Table 
V. The change in lung-thorax compliance langt J 'rom -19 per cent to +95 
per cent, a rather wide range. There was an nionase in compliance in 4 of 
the 5 cases with an average increase of 45 pi i cent tor the entire group. 


Tabij; V. Effect op Opek Guest o.v 11 so Tk \ Compuaxce 


CASE NUMBER 

COUPUUNCE OF 
CONTROL 
(ML./CNf. n.o) 

COMfrK\tF 'TIJ 

llFbT L ^ 

I \tr ^CM F > 

COMI’LLiSCL 
CJIANOB 
(PER CENT) 

c, 

31 

25 

-19 

c, 

41 

80 

-95 

o« 

47 

59 

-25 

0 „ 

49 

52 

-5 


47 

74 


5 Cases 



Arera^<» -*-45 


7. The Effect of the Open Chest and Retraction of the Lung on Lung- 
Thorax Compliance. —A group of 7 patients imdergoing intrathoracie surgery 
w'as studied to determine if any change in lung-thorax compliance occurs with 
redaction against the lung. The lung-thorax compliance was measured in the 
anesthetized state prior to opening the chest and was measured again after 
the Finoehiotto rib spreader was in place and the lung had been packed and 
retracted to gain e.xposure. Other factore influencing compliance, .such as 
position of the patient and depth of anesthesia, were kept as constant as 
possible. The results are shown in Table IT- The change in lung-thorax 


Table VT. Effect of Opex Chest akd ItmiACTor. os Lrxc Tuobax Cavpliaxce 



compliante of I 

coMriLVNo: I 

COirPUAi.CE 


COaNTROIa I 

UTTII P.CTKACTO- 

cHAi.cr 

CASE NUMBER 

(ML./CM. 1 

t itu/cif V/3 • 1 

/'JXR enszi 

c. 

48 

--3n 

-21 

c. 

33 

rtQ 


C,: 

30 

V2 

-<‘J 

P. 

47 

4^ 

-4 

p. 

33 

C9 

-12 

Pfl 

31 

31 

0 

Pg 

59 

51 

-14 

7 Case*? 



Avptc-* -17 

^ ■ --rt-f. 
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compliance ranged from -60 per cent to +4 per cent. There was a decrease 
in compliance in 5 of the 7 eases with an average decrease of 17 per cent for 
the entire gronp. 

8. Lung-Thorax Compliance at the Beginning and End of Intrathoracic 
Operations .—A group of 5 patients undei'going intratlioracie surgery was studied 
to determine if any change in lung-thorax compliance occurs during the 
operation. Tiie lung-thorax compliance was measured in the anesthetized 
patient before the operation was started and again at the completion of the 
operation. The position of the patient and the depth of anesthesia were kept 
as nearly the same as possible for the two measurements. The measurement 
at the end of the operation was made with the thoracic incision closed, the 
lung expanded, and the drainage tube connected to an underwater seal. The 
results are shown in Table VII. The change in lung-thorax compliance ranged 
from -44 per cent to +3 per cent. A decrease in compliance occurred during 
the operation in 4 of the 5 cases with an average decrease of 16 per cent for 
the entire group at the end of the operation. 


Table VII. Lung-Tiiorax Compliance at the Beginning and End op Intrathoracic 

Surgery 


case number 

compliance at 
beginning 

(JIL./CM. HjO) 

compliance at end 

(ML./CM. H 5 O) 

COMPLIANCE CHANGE 
(PER CENT) 

0. 

31 

27 

-13 

0,1 

30 

31 

■h3 

P2 

47 

38 

-19 

P3 

62 

57 

-8 

p8 

59 

33 

-44 

5 Cases 



Average -16 


9. The Range in Lung-Thorax Compliance Occurring During Intrathoracic 
perations .—A group of 13 patients undergoing intrathoracic surgery was 
aidied to determine the range of variation in the lung-thorax compliance 
eeurring during intrathoracic surgery. All of the measurements were made 
uring general anesthesia and under widely varying circumstances. A total 
E 59 measurements were taken on the 13 patients. The lowest measurement 
us compared to the highest in each patient and the difference was expressed 


Table VIII. Range in Lung-Thorax Compliance in Intrathoracic Operations 


HIGHEST COMPLIANCE 
CASE NUMBER (ML./CM. H,0) 

LOWEST COMPLIANCE 
(ML./CM. H.O) 

COMPLI.ANCE CHANGE 
(PER CENT) 

C, 

48 

38 

-21 

Cja 

31 

25 

-19 

c. 

SO 

41 

-49 

0, 

43 

25 

-42 

n 

78 

47 

-40 


52 

39 

-25 

p 

31 

12 

-61 

\-/l2 

p 

74 

38 

-49 



21 

-66 

3 

50 

33 

-34 

6 

31 

20 

-35 

ira 

57 

24 

-58 

Ps 

13 Cases 

120 

33 

-72 

Average -44 
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as the percentage dociease T)ie lesiilts are shorvn in Table nil. The per¬ 
centage cleeieaso ranged from -19 per cent to -72 per cent with on average 
decrease of 44 per cent 

COMMENTS 


IMeasui oment of lung-thoiav compliance in the rmanesthetizcd patient 
presents the problem of obtaining a truly tclaved .state. This makes demon- 
stratioir of significant differences in lirng-thorax compliance in unanesthetized 
patients relatively difficult as was mentioned earlier in the description of the 
method of moastiiing oomplianee Despite this difficulty, a significant differ¬ 
ence was found to occur in this study when patients with pulmonary disease 
or cardiac disease rveie compared with normal controls Factors that would 
tend to produce decreased lung-thoiax compliance in patients rvith pulmonary 
disease or cardiac disease are prtirtroirary fibrosis, the edema and induration of 
acute inflammation, pulmonary edema of cardiac failure, pulmonary hyper¬ 
tension, pleural effusion, pleural fibrosis, thoracic wall rigrdity, and increased 
intia abdominal pressure Ferris, Stead, ■\Vhittenberger-, and Saxton^ re¬ 
ported finding a decrease in lung-thorax compliance in patients convalescing 
from aiiteiioi poliomyelitis Jlead, Frank, Lindgien, Gaoiislet, and AVliitten- 
boiget’’ studied the compliance of the lungs in a group of patients with iheu- 
luatic heart disease in uhich mitral stenosis was the piodomiiiant lesion and 
found a decrease in lung compliance rvhcii compared to a group of normal 
subjects Brown, Pry, and Ebert'* also studied lung compliance in a group 
of patients rvith cardiac disease and found a decrease in compliance 

A significant decrease in lung thorax compliance was found to occur in 
the interval from the day preceding the intiathoraeic operation to the fifth 
postoperative day Among the factors, rvhich are probably active in producing 
this change, are tncioased edema of the lungs, partial atelectasis due to 
accumulation of tracheobronchial secretions, irritative effects of gases or 
anesthetic agents, and involuntary splinting of the thora.x due to a painful 
incision The lung-thorax eompliance was previously measured in a similar 
maniici lit a group of patients tuidergoing operations other than thoracotomy 
Mo significant difference between the prcopeiative and postoperative compH- 
anee was found " 

The large decrease in lung-thorax complinneo which ocenrred with the 
patient under general anesthesia confirms previously reported studies 
Nulls, Conner, and Coniioo*' have discussed in detail the theoretical coiisideia 
tion involved in this change They believed the values in the anesthetized 
state were more likely to be the true values because of the inability of taan 
in the conscious state to coiiipletcl} suppress the tone of the rcspiratoi-^ 
muscles. 


The 111010 nearly liueat relationship betueen pi’essuie and rohimci" the 
anesthetized patient jicrmitted the study of relatively small diffc"’""''® 
lung-thorax coiirphairce rn relatively small groups of patients 
in lung-thorax compfianee that occm.cd in the shift from the ! Z 

latml ToZZ ' Sfaeffir irfh’‘“"r f'™ , -vmost 

sme raetor is the extent of the disear 's’* \ 
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lung -vvlien the patient is in the lateral position and is illustrated in Table riT" 
by Patient P 3 who had a chronic empyema and a markedly thickened pleura 
which incarcerated hronchiectatic middle and lower lobes and by Patient P 5 
who had extensive disease due to bronchogenic carcinoma. In each case, a 
pronounced decrease in compliance occurred when the shift from the supine 
to the lateral position was made. A second factor influencing lung-thorax 
compliance in the shift from supine to lateral position is obesity of the pa¬ 
tient, as was previously mentioned. 

There was usually an increase in lung-tliorax compliance when the chest 
was opened because of the effect of the increased compliance of the unre¬ 
stricted lung. When the lung was packed away or retracted, however, a de¬ 
crease in lung-thorax compliance occurred which usually resulted in a net 
decrease in compliance when compared to the control measurement. A rather 
surprisingly slight decrease in compliance occurred during the course of the 
inti’athoracie surger 3 ^ A similar decrease was found to occur during opera¬ 
tions other than thoracotomy in a group of patients previously studied.^^ 

This study indicated that lung-thorax compliance in patients undergoing 
intrathoracic sui’gery is influenced by several factors. A rather wide range 
in compliance can be expected during the course of an operation, and there 
is variation in compliance between individuals. The effect changes in compli¬ 
ance would have on total volume of pulmonary ventilation during intra¬ 
thoracic surgery becomes quite apparent. Were fixed inflation pressure used, 
the elevation of airway pressure necessary to provide an adequate tidal volume 
might at times be excessive if inflation alone were used to obtain adequate 
ventilation. Lung-thorax compliance is a factor that merits consideration in 
providing adequate pulmonary ventilation during general anesthesia for 
intrathoracic surgery. 

SUMMARY 

1. A study has been made of lung-thorax compliance in unanesthetized and 
anesthetized patients with normal and diseased respiratory systems preceding, 
during, and following intrathoracic surgery. The relation of compliance to 
adequate pulmonary ventilation is discussed. 

2. There was a significant decrease in lung-thorax compliance in 11 un- 
anesthetized patients with cardiac disease and 9 patients with pulmonary 
disease when compared to 9 normal controls. 

3 . A significant decrease in lung-thorax compliance occurred in 13 un¬ 
anesthetized patients between the day preceding intrathoracic surgery and 
the fifth postoperative day. 

4. General anesthesia in 11 patients produced an average decrease of 67 
per cent in lung-thorax compliance when compared to the lung-thorax compli¬ 
ance in the unanesthetized state. 

5. A variable change in lung-thorax compliance occurred when 10 anes¬ 
thetized patients were shifted from the supine to the lateral position. A large 
decrease in compliance occurred in the lateral position in 2 patients ^vith 
extensive disease in the uppermost lung. A large increase in compliance 
occurred in an extremely obese patient in the lateral position. 
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6 An a-veiagc incicase in lungthoia\ compliance of 45 pci cent occurred 
m 5 patients ulien the chest "was opened dining intiathoiacie siugeiy 

7 An a\eiage decicasc in lung thoiax compliance of 17 pei cent occiuicd 
in 7 patients when the lung -was packed auaj oi letiacted to gam exposuie 
when compared to the control mcasuiement taken before the chest was opened 

8 An aveiage dccicase in lung thoiax compliance of 16 per cent occuiied 
duiing intiathoiacic suigeiy m 5 anesthetized patients when the immediate 
postopeiatne measuiement was compaied to the immediate pieopeiatne 
mcasuiement 

9 A \aiiation in the mduidiial tested oecuiied m the liuigthoia\ com 
pliance of 13 patients duimg intiathoiacie suiger\ There was an a\ciage 
decicase of 44 pei cent when the minimum and maMinum compliance weie 
compaied 

10 These findings and then significance are discussed 
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INEFFICIENT CARBON DIOXIDE ABSORPTION REQUIRING 
INCREASED PULMONARY VENTILATION DURING 

OPERATIONS 

Thomas F. Nealon, Jr., M.D. (by invitation), George J. IIaupt, M.D. (by 
invitation), Harold F. Chase, M.D. (by invitation), Joyce E. Price, R.N. 
(by invitation), and John IT. Gibbon, Jr., M.D. 

Philadelphia, Pa. 

T he occurrence of respirator.y acidosis during surgical operations is due to 
inadequate removal of carbon dioxide fi‘oni the body.** This should not oc¬ 
cur if a sufficient volume of ventilation is supplied to roDiove carbon dioxide 
as rapidly as it is produced. The absence of pronounced clinical signs com¬ 
plicates the recognition of acidosis. Cyanosis may not occur because the 
oxygen available in anesthetic mixtures, being several times that of the atmos¬ 
phere, facilitates adequate oxygenation even in the face of lower ventilatory 
volumes. Carbon dioxide removal does not enjoy this same advantage. The 
anesthetic mixture cannot be altered to enhance the removal of carbon dioxide. 
A normal tension of carbon dioxide (pCOa) in the arterial blood indicates that 
the pulmonaiy ventilation is adequate. 

The possibility that a defect in the COo absorption mechanism might be 
responsible for some of the increase in required ventilation has been suggested 
previously." Studies in our laboratory revealed incomplete carbon dioxide 
absorption in the anesthetic circuits in routine use in our hospital.® We are 
reporting here measurements of the effect of this incomplete COo absorption 
on the ventilatory requirements. 


METHODS 


Preoperative sedation consisted of barbiturates followed by atropine and 
morphine or Demerol. Anesthesia was induced with intravenous thiopental 
sodium, oxygen, and suceinylcholine. After the introduction of the endo¬ 
tracheal tube, anesthesia was continued with oxygen and ether. As soon as the 
tube was in place the gas sampling apparatus was attached to the endotracheal 
tube (Fig. 1). A closed circle type anesthetic apparatus was used. Ventilation 
was measured on the expiratory line by a dry test volume displacement gas flow 
meter. This meter has a flow rate capacity of 2.4 to 70 L. per minute with a 
resistance of less than 0.5 cm. of water at the higher flow rates. Expired gas 
was sampled in a chamber containing a spring driven fan (gas mixing chamber. 
Fig 1). Pressures within the circuit were read from an aneroid type pressure 


Vrnm the Jefferson Medical College Hospital of Philadelphia. Pa. 

Supported in part hy a grant from the U.S. Public Health Service. 
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gauge An oiorswed (Fig 2) 3,300 ml camstei nas inscited in the inspiiatoiy 
line to ensure complete lemoval of caibon dioxide Concentiations of carbon 
dioxide in the gases weio measiued by a Liston BeeLei iiifiaied absorption 
eaibon dioxide analyzer 

Prior to the stait of the opciation, a full calibiation cuiie ivas established 
using knonn samples of eaibon dioxide in 0 x 3 gen aiailable in a bank of gas 
eylmders The eoncentiations of caibon dioxide in the cylindcis iveie de 
termined by a inicio Seholander toeliniquePenodio checks of the gas 
cilinders b 3 this technique leiealed a eonstant coneentiatioii of CO. until the 
eylindeis weie enipt 3 ' The concentrations langed fiom 1 pei cent to 11 per 
cent Immediately piioi to taking a peitmcnt reading the machine was re 
calibrated at the opeiating table 



1—Diagram of anesthetic cirexut with sampHni, and measuring dexices 

A continuous partial sampling technique with a miciocatlieter cell was 
used as desciibed b 3 Colliei = The sampling ivis at a constant lato uhich u,is 
generally 500 ml pei minute Diift m calibiation was avoided b 3 allowing 
the anal 3 zei to warm up oveinight Tlie anal 3 zei cell was at the head of tlie 
patient A thiee way stopcock at the pioximal end of the anabzci made it 
possible to selectivel 3 sample fiom cither the cud of the cudotraelieal tube or 
the mixing eliamber One could thus lead the concentration of CO. in the in 
spued air and end expiiod an, 01 the mixed expired sii (A, B, and a in Fig 3) 
A continuous leeoul was made on an Estcihne Angus loeoidei Visual cheeks 
and occasional photogiaphs weie made of an expanded tiacing on a simul 
taneousi} leeording oscilloscope 

The patient’s lungs were ventilated by a positive negative picssure ,au 
paiatiis (JelTeison Ventilator) This made it possible to maintain 
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volume 01* rate. A Cournand arterial needle was placed in a brachial artery. 
Observation of the end expiratory reading on the carbon dioxide analyzer 
was used as an indication of the pC 02 of the alveolar air. 'When a steady state 
existed, Avith neither COn accumulation nor excessive removal, the end expiratory 
reading remained constant. The patient Avas rendered apneie by hyperventila¬ 
tion. If suecinylcholine had been used it Avas discontinued at this point. Pul¬ 
monary ventilation Avas then gradually decreased. The first evidence of 
Amluntary breathing could be readily detected by a change in the oscilloscopic 
pattern. The concentration of CO2 in the end expiratory gas at this point Avas 
noted. Ventilation AAms then increased slightly to render the patient apneie, 


Fig. 2.—Photograph of large, 3, 
carbon dioxide from the gases in tlie 
and Ehvyn Brown.) 


300 ml. canister used to ensure complete removal of 
anesthetic circuit. (Designed by Drs. James O. Elam 


loAveriiig the end expiratory reading slightly. The end expiratory CO 2 con¬ 
centration was then maintained constantly at this level by adjustment of the 
volume of ventilation. If desired by the anesthetist, suecinylcholine was used 
after this point. A steady state was considered to be present if the end expira¬ 
tory reading remained unchanged for ten minutes. This requirement Avas 
alAvays met before pertinent measurements Avere made. The technique then 
consisted (Fig. 3) of measuring the ventilation AAdiile the carbon dioxide con¬ 
centration of mixed expired gas Avas determined (a); recalibration (&); again 
measuring the ventilation and carbon dioxide concentration of the mixed 
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expivod air. Coincident with the second nicasnroinont, the arterial blood 
sample was drarni. Samples were drawn in oiled syringes eontaining a small 
amount of heparin and a drop of mercury to facilitate mixing. Determination 
of pH and CO; content and ealeulation of arterial pCO. woie carried out ac¬ 
cording to methods described pi'eviously.’" 
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MINUTES 

PiS 3—Photograph of tracing of • • bon dioxide In the respired 

gases .<1 indicates the concentration o. ’ end expired gas, and S the 

concentration of carbon dioxide in the • • • tlie concentration of carbon 

dioxide In the mixed expired gas was . . • was recalibrated during b, 

after ten minutes of a steady state, me measurement of a was repeated during c, the 
\entllation was measuied, and an arterial blood sample drawn 
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Fig 4 —Elimination of COa from 
tracing of carbon dioxide concentration 
in the circuit at point A 


Inspired gas by changing canister, 
as In Fig 3 The large canister (Pig 


Photograph of 
2) was placed 


Following tlic completion of these preliminaiy studies the oversized 
canister was remosod from the inspiratoi-y liive. The conventional absorption 
canister in the anesthetic apparatus was then allowed to function. In all in¬ 
stances, the canisters were filled with fresh absorbent. As the carbon dio.vido 
absorption beeame incomplete it could be noted on the tracing c' 
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taken from the end of tlie endotracheal tube. The tracing no longer returned 
to zero during inspiration indicating the presence of carbon dioxide in the 
inspired air (A in Fig. 4). If no changes were made in the ventilation there 
was a gradual increase in the coneenti-ation of carbon dioxide in the end expired 
gas. In order to maintain the concentration of CO 2 in tlic end expired air at the 
previously determined point it was necessary to increase the ventilation. Tiic 
increase in ventilation was accomplished by increasing the tidal volume (by 
vddening the pressure differential). The duration of inspiration was equal to 
the duration of expiration. The ventilation and tlie mixed expired CO 2 concen¬ 
tration were measured periodically. Arterial blood samples were also drawn 
periodically ■when the patient was in a steady state. 

The minute ventilation, the rate, the concentration of CO 2 in the inspired 
air, the end expired air and the mixed expired air were measured. From these 
measurements the alveolar PCO 2 and CO 2 output were calculated. 

The alveolar ventilation may be defined as that volume of the total 
ventilation in which the pCOo of the inspired gas equilibrates mth the PCO 2 of 
the arterial blood. 


( 1 ) 


( 2 ) 


(3) 


Alveolar ventilation ('(''a) was calculated by tlic formula: 


t^'A 


Vco, 

P'AcOj 


where: 

"Va = alveolar ventilation. 

•ycOj = the CO. output. 

EAco = the concentration of CO. in the alveolar air. 
Carbon dio.xide output (Vco.) was calculated as follows: 


Vco, = (V) (FecoJ 
where: 


— minute ventilation. 

EEco, = concentration of CO. in mixed expired air. 

Since the pco. of arterial blood is accepted as the more representative value equation (1) 
becomes: 


Va = 


Voo, 

Baco. 


Pb -47 


( 4 ) 


whore: 

Paco„ = the tension of CO, in arterial blood. 

Pb * = prevailing barometric pressure. 

47 = correction for water vapor pressure. 

This formula would be correct in calculating the alveolar ventilation in patients breath¬ 
ing CO. free air but the presence of carbon dioxide in inspired air limits the amount of 
carbon dioxide which can be removed by a given volume of gas. This must bo corrected 
in the formula as follows: 


■Va = 


V (EEco.-EIco_A 


Paco, 

Pb -47 


FJco. 


wllBTG I 

Pico = the concentration of CO, in the inspired air. 
The pCO. of alveolar air (Paco,) was calculated as follows: 
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(5) PAco^ = (PAco,) (Pb-47) 

Wliero FAco = tlie concentration of CO in alveolar air and is considered equal to the 
concentration of carbon dioaide in the end cvpircd air 

KESUDTS 

Obsoivntions as desctibed above vvwe made during tbiiteen operations on 12 
patients Eveiy observation during these opeiations is rccoided in Table I, 
piovnded that a steady state (constancy of end e\piiod CO 3 ) had existed foi 
ten nunutes and that the tension of caihon dioxide in the aiteiial hlood did not 
var> more than 4 mm Hg betivcen obsei v ations The one exception is Case 1 
vvheio the lungs ivcic congested in a patient with initial stenosis and in whom, 


CHANGE IN PULMONARY VENTILATION REQUIRED TO 
MAINTAIN CONSTANTpCO^ IN ARTERIAL BLOOD 
WHEN REBREATHING CO^ 



% COe INSPIRED GAS 

5 ^In one instance (open circle) It was not possible to compensate for I OS per cent 
carnon tiloxule In the Inspired eas with a ventilation or 23 1 I, per minute 


despite a total ventilation of 23 4 L, it was impossible to pi event a nso m 
carbon dioxide tension of 8 mm Hg when lebicaihing aiipioxjmately one pei 
cent eaibon dioxide In Cases 1 and 2, the thoiax w as open In the suhseciiicnt 
cases, the observmlions weic made on patients with a closed thoiax heeansc it 
was found easiei to achieve a stcadv state when thoie was no possibility of 
variable compiession of the lung The prcssuics used duiing inspiiation and 
expiiation arc listed in Column 3 In onij one instance (Case 10) was it neccs 
sary to appieciably luciease the rate in oidci to met case the ventilation 
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taken from the end of the endotracheal tube. The tracing no longer retnmed 
to zero during inspiration indicating the presence of carbon dioxide in the 
inspired air (A in Pig. 4). If no changes were made in the ventilation there 
was a gradual increase in the concentration of carbon dioxide in the end expired 
gas. In order to maintain the concentration of CO 2 in the end expired air at the 
preidously determined point it was necessary to increase the ventilation. The 
increase in ventilation was accomplished by increasing the tidal volirme (by 
lAdening the pressure differential). The duration of inspiration was equal to 
the duration of expiration. The ventilation and the mixed expired CO 2 concen¬ 
tration were measured periodically. Arterial blood samples were also drawn 
periodically when the patient was in a steady state. 

The minute ventilation, the rate, the concentration of CO 2 in the inspired 
air, the end expired air and the mixed expired air were measured. Prom these 
measurements the alveolar pCOj and CO 2 output were calculated. 

The alveolar ventilation may he defined as that volume of the total 
ventilation in which the pCO^ of the inspired gas equilibrates lAth the pCO^ of 
the arterial blood. 


( 1 ) 


( 2 ) 


Alveolar ventilation (Va) was calculated by the formula; 


Va = 
where; 


VCO; 
Fa CO. 


if A. — alveolar ventilation. 

Vco. = the COj output. 

PAco = the concentration of CO- in the alveolar air. 

Carbon dioxide output (Vco-) was calculated as follows: 

Vco, =: (V) (FEcoJ 
where: 

if = minute ventilation. 

FEco. = concentration of CO, in mixed expired air. 

Since the pco, of arterial blood is accepted as the more representative value equation (1) 
becomes: 


(3) 


( 4 ) 


Va = 


Vco- 

Faco. 

pi 


•where: 

Paco, = the tension of CO. in arterial blood. 

Pb = prevailing barometric pressure. 

47 t= correction for water vapor pressure. 

This formula would be correct in calculating the alveolar ventilation in patients breath¬ 
ing CO- free air but the presence of carbon dioxide in inspired air limits the amount of 
carbon dioxide -n-hich can be removed by a given volume of gas. This must be corrected 
in the formula as follows; 


Va = 


V (FE<,o,-Frco,) 


Paco. 


Pb -47 


— — Fico, 


where: 

Fico = the concentration of CO- in the inspired air. 
The pCO, of alveolar air (PAco.) was calculated as follows; 
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(5) PAco = (PAco,) (Pb 47) 

Where PAco = concentration of CO in nheolar air and is considered equal to the 
concentration of carbon diovide in the end expired air 

RESUI/TS 

Obscixations as desciibcd abo\c were made duimg thntoen opeiations on 12 
patients Eaery obseivation duiing these opeiations is lecoided in Table I, 
piovided that a steady state (constancy of end expiied COr) had existed foi 
ten minutes and that the tension of carbon dioxide in the artoiial blood did not 
xaiy nioie than 4 mm Hg between ohsei\ations The one exception is Case 1 
wlieio the lungs weie congested in a patient with initial stenosis and in whom 


change in pulmonary ventilation required to 

MAINTAIN CONSTANT pCO^ IN ARTERIAL BLOOD 
WHEN REBREATHING CO^ 



% COe INSPIRED GAS 

5 ^In one In^stance (open circle) it was not possible to compensate for 1 OS per cent 
carbon dioxide In the Inspired gas Tvith a \entIlatIon of 23 4 L» per minute 

despite a total ventilation of 23 4 L, it was impossible to pi event a use in 
caibon dioxide tension of 8 mm Hg when lebicathmg appioximately one per 
cent caibon dioxide In Cases 1 and 2, the thoiax was open In tlie subsequent 
cases, the observations vvcie made on patients with a closed thorax because it 
was found easier to achieve a steady state when there was no possibihtj of 
vaiiable compression of the lung The piessuies used duung inspiiation and 
c\piiation aie listed in Column 3 In onlv one instance (Case 10) was it neccs 
sarj to appreciably incicase the rate in oidci to incieasc the ventilation 
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Total and alveolar ventilation are expressed in gas volumes at body tem¬ 
perature, prevailing baiometrie pressure, and saturated with water vapor. The 
ventilation figures have also been reliitcd to body suifacc area in order to permit 
compaiison between patients The indicated concentration of caibon dioxide 
in the cxpiicd gas rofcis to the mixed expired gas and not to the concentration 


r DECREASE IN REQUIRED VENTILATION WITH EFFICIENT 

\ 

{ COz ABSORPTION 


VENTILATION 


%COg 


I VENT A. AT 10^ 
L/tnm 



pCOs 
mm Hg 


PCOi 
mm Hg 


%COi 



pCOi 
mm Hg 


Fifr C —Tracing of carbon d*-*' 
ation in Case 8 Tbe concentratn 
The carbon dioxide In the mixed 
measurement was complete<l at 
measured at tlie same time and 
sorption was obviously incomplete 
mately 2 per cent carbon dioxide 
"rested” absorbent was switched 
(irig 2) was substituted for the c. 


erraph of \entUatton, during oper- 
e Inspired gas rose rapidly at A 
from B to O. A second similar 
ady state The ^cntIlation was 
calculated Carbon dioxide ab- 
r^thlng gas containing approxi- 
tne anesthetic machine containing 
, , effect. At F, the large canister 

in complete ab«orption'’and no'carbon* dloxIdeSn^t^e^r^nl^^ea^ 

reduction in the carbon dioxide of the end exnirerl 

was decreased at G The carbon dioxide in*th?tracing) until the ventlJati^ 
At I, tbc apparatus was rccalibrateil and at r F?® then rose until peint^ 

was determined after ten minutes of a stcadj- dioxide in the mKed expir^ 


at the end of cxpivation. This latter concentration is expressed in milHnieter? 
of mercury m tiie last column of the table. The observations made are 
elu-onolog.cal order during each operation with the exceptions of Car ' 
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comploto absorption of carbon dioxide ivas aehiei ed by using the largo canistei, 
point “F,” the \entilation could be i educed fiom approximately 17 L per minute 
to less than 12 L pei minute, maintaining the same tension of caibon dioxide in 
the aiteiial blood, foi example, 35 mm Ilg 

The dispaiity betueen the tension of carbon dioxide in the expired gas at 
the end of expiration measured bj the infiaicd aiiahzci and the tension of 
carbon dioxide in the aiteiial blood calculated fiom tbe carbon dioxide content 
and pH is apparent These figuies appeal in the last tuo columns of Table I 
Here again iindoi the conditions of anesthesia ivitli controlled mechanical 
1 entilation, unequal distiibution of the icspiicd gases in the pulmonai} ah eoli 
may be laigely responsible foi the difference in those figures In our ouii 
expeiience and in that of Colliei and Ins assoeiates* with conscious patients, 
this dispaiitj piaeticallj disappears As would be expected, the disparity in 
Cl cases with ineiease in tlie phjsiologic dead space as illustiatcd in Pig 7 In 
this figure, the phssiologie dead space is demed by subtracting the pci cent 
of the total lentilation which is effeetne (ahcolai lentilation) fiom 100 per 
cent Undei normal conditions in conscious indinduals, the physiologic dead 
space amounts to appioximatoly 30 pci cent of the total i entilation ■* In the 
obseiiations lepoited hoic undei anesthesia -with controlled mechanical i ciitila 
tion, the physiologic dead space laned between 55 and 90 pei cent At 55 pei 
cent, the tension in the aiteiial blood equalled that in the end expired gas 
Between 55 and 65 pei cent, the differenee amounted to less than 5 mm Ug 

DISCUSSIO^ 

Previous publications fiom this laboiatoiy and elsowheie have documented 
the fiequenej of the occurrence of icspiiatoiy acidosis dining suigienl opcia- 
tions " « 1 e 13 A method of av oichiig such acidosis by the use of a mechanical 
positive and negative ventilator has been dosciibed’ The laigc increase in 
pulmonarj ventilation lequiied to avoid lespiiatoiy acidosis has not been ade 
quately explained A number of factors aie undoubtedly contiibutoiy We 
liav e found that one of these factors is iiicoiiqilete absoiption of caibon dioxide 
in two standaid models of anesthetic machines in use in oui hospital The 
incomplete absoiption was found to be due to (1) improper chaiiiiclliug of the 
gases through the anesthetic appaiatus, and (2) the use of a widely adveitisod 
caibon dioxide absoibeiit which pioved to be fai less efficient than U S P soda 
lime These findings w ill be i epoi ted in detail clsew hei e “ 

We have lepoited heie the incieasc in pulmonaiy ventilation requiicd 
to pievciit an ineiease in the pCO; of aiteiial blood when the patient re- 
bicathes caibon dioxide in the concentiations pioduced by these iindcquatc 
anesthetic machines The icquiied ineiease in piilinonai'j ventilation uiidci 
these eiicumstances is significant, vaijnng between 9 and 93 pci cent It seems 
likely that oiii expeiience witli the appaiatus and in iteiial supplied b 3 national 
concerns is piobablj being duplicated in nianv othoi hospitals This assump¬ 
tion could be substantiated by appropiiate studies 
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comfortable. This conscious patient could adapt his alveolar ventilation to the inspired 
GO.. Therefore, the end expiratory CO. remained at (i per cent for 45 minutes. However, 
during this time alveolar ventilation increased from about 6 L. a minute to about 20 L. a 
minute while tlio insinred CO. increased from 0.3 per cent to 2.5 per cent. Finally, at the 
end^of lOo minutes this man could no longer compensate for an inspired CO. concentration 
of o.S per cent by increase in ventilation and even this conscious subject began to show 
respiratory acidosis with an increase of end expiratory CO. to 7.S per cent. 

(Slide) Here are plotted the inspired CO, rising from 0.3 per cent up to o.S per cent 
at 105 minutes and the alveolar ventilation from 6 L. to 28 L. per minute. This situation 
would of course have been much worse in an anesthetized patient because he cannot 
increase the tidal volume as this individual did but must increase alveolar ventilation by 
the much less efficient means of increase in respirator 3 - rate. 

This one-pound canister is thus a compromise and the most important factor in this 
compromise is time. I think if the ordinary canister is changed faithfully every 15 
minutes, then the problem is probably not too great. If the size of the canister and the tj-pe 
of the soda-lime are changed so as to absorb efficiently all CO, for long periods, then we would 
have to give some thought to the fact that respiratorj- resistance is increased, and we are 
then committed to some means of ventilating these patients arfificialh' during anesthesia. 

DS. HERBERT G. HAIER, A'ew York, 2C. Y.—This has been a most valuable 
s\-mposium and I would like to compliment those who presented papers. During the past 
3 'ear we have used a JefTerson ventilator with its positive and negative phase during 
anesthesia for lung surgery, and 1 would like to show .vou 2 illustrative eases in which we 
had previoush- hesitated to operate without the aid of positive-negative ventilation. 

(Slide) In this patient on the left side there is a large empyema with pleural calcifica¬ 
tion, and on the right side a nonfunctioning lung with a fixed diaphragm. Obviouslj- this 
patient’s respiratory reserve was extremeh- low. The onh- portion of her chest that could 
move, in other words, the only portion of the bellows mechanism that was effective was the 
left diaphragm. The first time we took her to the operating room and emploj'ed ordinaiy 
ventilation with manual compression of the anesthesia bag, there was rapid deterioration of 
the circulation and we were unable to obtain any appreciable depth of anesthesia due to lack 
of adequate ventilation, and there was obvious congestion of the cervical veins. Later this 
patient was operated upon with the help of the Jefferson ventilator, which permitted ade¬ 
quate ventilation of the left lung and better motion of the diaphragm, without circulatory 
impairment. 

(Slide) This is the postoperative film after decortication showing a verj- satisfactory 
re-expansion of the lung. 

(Slide) This is a film of a patient with severe kj-phoscoliosis who had collapse of the 
lung on one side due to progressive distention of pulmonary ej’sts, with only a little expanded 
luno- tissue remaining in the hilar area. This patient was in obvious severe respiratory distress, 
but throuo-h an anterior thoracotomy approach, again witli the aid of the Jefferson ventilator 
at the second attempt, we were able to remove the cj-sts successfully and get lung ex¬ 
pansion. 

In conclusion, I would like to emphasize that both these patients were able to return 
to work witliin two months following operation because the main hurdle was the proper 
management of their ventilation during an operation which was designed to improve their 
critically reduced pulmonary function. 

DR JEROME R. HEAD, Chicago, HI.—^The presentation of these interesting and 
excellent papers before this Association seems to me important and appropriate. However 
much the anesthesiologists have tried to argue us out of the contention, the responsibility 
for the anesthesia lies with the surgeon, and for the surgeon to pass it entirely to the 
anesthesiologist is against Hippocratic principles and against the principles of modern law. 
The findin'>-s presented in these papers also seem encouraging. It means that what we had 
almost come to accept as a fated and unavoidable accident is becoming an understandable 
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phenomenon nnd i pre\ent'ible phenomenon Among nil primitive peoples, nhen anything is 
not understood and is potentiall} disastrous, it is attributed to evil spirits, and I ivould 
confess that mj attitude tonard cardiac arrest has been heretofore largelj on that basis 
One of the evil spirits has been the anesthesiologist but, more specificallj and less 
facetiously, for a long time I placed inv faith in ether As a voung man I nent into the 
operating room and was given a can of ether and a nia'ilv and told to put people to sleep 
They all lived, which was very surprising to me, and I attributed it entirelv to the fact that 
\ou could not kill people with ether But I found out, over a period of vears, that I had 
had tliree cardiac arrests under pure ether anesthesia, all of them during induction I am 
sure now that this was because of inadequate relaxation and of multiple attempts to insert 
an intratracheal tube I was finally convinced that a long dilHcuIt induction with multiple 
attempts to insert a tube was bad I should have said also that one of my evil spirits was 
curare, I turned to Pentothal and nitrous oxide and to controlled respiration, and I put my 
faith in that, as one would put his faith in a god or a dance or whatever you have I got 
along very well with that until I realized that controlled respiration was of two kinds, 
either manual or mechanical Bccentlv I had a case of cardiac arrest due, I feel sure, to 
the fact that the anesthe'siologist became so interested in watching the resident put a 
catheter into a vein m the leg that he forgot to pump the bag That is a human error and, 
as a result of it, I have gone to mechanical respiration and to hyperventilation Hyper 
ventilation may have certain drawbacks but they are much less than those of underventila 
tion Therefore, at the present time, as soon as I mal c the incision I begin to say—‘ The 
blood 18 bhek, come on, get going, the blood is black ' I do that at intervals all through the 
operation, and so far it has worked I have not had a cardiac arrest for a year 

These papers arc very interesting and very important but they do not show what happens 
during cardiac arrest I feel that every anesthetic agent at the present time should be 
considered experimental, that any anesthesiologist who is not checking himself and being 
checked by blood oxvgen readings, by CO analyses, and by the running electrocardiogram, 
IS not being a good anesthesiologist The only war in which we will learn exactly what 
happens, exactly what causes cardiac arrest, is to have such data on a group of patients 
who have suffered cardiac arrc<^t 

DR PAUL NEillR, TR, Philadelphia Pa—I too wish to congratulate the authors 
of these excellent papers have been interested in the problem of respiratory acidosis 

and I Wish to comment brieflv on some work being done in our department by Dr Hrant 
Stone and Dr David Seligson on the problem of carbon dioxide retention Evidence is 
available which indicates that other buffer systems exist in the body to absorb high con 
ccntrations of retained carbon dioxide These buffer systems arc present in muscle masses 
and bone and are capable of absorbing many times the amount of carbon dioxide that is 
handled by the blood During surgical procedures, particularly thoracic surgical proco 
dures, wlicn carbon dioxide retention occurs and the arterial pCO rises, serious changes in 
other blood constituents usuallv will not occur unless the pCO, exceeds values of 90 to 100 
However, if it increases above this level, the serum potassium rises In the presence of 
normal kulncv function, potassium excretion niaintaiiis a normal blood level of this constituent 
However, during surgery many factors such as hvpotcnsion, dehydration, and shock depress 
renal function and thus cause a hvperkalemia In addition, many anesthetic agents and 
drugs used during anesthesia produce a decreased unne flow, due to stimulation of the anti 
diuretic hormone of the posterior pituitary The presence of pre existing renal disease 
may further prevent the kidneys from effectively eliminating potassium from the blood 
By controlled occlusion of the ureters it has been possible to detect these changes in the 
presence of acidosis of sufficient magnitude In terms of time, the changes in potassium 
level were significant in one and one half hours which is a short time in terms of the 
present duration of many surgical procedures It is conceivable that cardiac arrest which 
occurs following certain types of surgery without apparent cause, actually represents a 
hyporkalemic death secondarv to severe respiratory acidosis and impaired renal funct*''” 
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^ DK. GEOEGE H. A. CLOIVES, JE., Cleveland, Oliio.—This has been an interesting 
session. I agree with Dr. Head and Dr. Neinir that it is ail very well to say that carbon 
dioxide rises or that respiratory exchange is inadequate. What we need to know is the 
effects of these occurrences upon the patient, and more particularly upon his heart, circula- 
tioiij and nervous s^’stem. 

In an attempt to understand more of the mechanisms entering into the production of 
circulatory failure during surgery wo liave been trying to sort out the effects of the various 
componenls which enter into cardiac arrest: hypercapnia, hypoxia, anesthetic agents, and 
hypotension. This lias been approached both from hemodynamic and biochemical stand¬ 
points. In essence, pure carbon dioxide accumulation of the degree described today pro¬ 
duces very little effect if other factors remain equal. It is only when the respiratory 
mixture contains more than la per cent CO- that wo begin to see any changes of note. 
Mixtures containing more than 30 per cent are required to produce significant brain de¬ 
pression or shifts in serum potassium in man. 

Hypoxia is a different matter. Little effect is produced on any of the systems except 
a discharge of the adrcno-syinpatlictic mechanism until the arterial oxygen level falls below 
a “critical level” of approximately 4 volumes per cent. At this time events progress rapidly. 
Eccent studies in oiir laboratory .show that cardiac output falls while peripheral resistance and 
venous pressure rise. Thus, this represents a failure of the cardiac muscle and an inability 
to continue its normal pumping action. 

There arc shifts in scrum electrolytes which accompany hotli hypoxia and hyper¬ 
capnia. Those relating to potassium have been described by Seeley, ourselves, and others. 
The effects on calcium and magnesium arc at times dramatic, yet M’e cannot understand 
them or classify them at present. 

As for anesthetic agents and their effects on the homeostatic mechanisms I have been 
discussing, I liavc less firsthand knowledge. 

I hoped that Dr. Bocclier and some of the other gentlemen wJio spoke tliis afternoon would 
say a little bit more about these various things we are trying to prevent. At the present 
time, anesthesia remains an art regardless of the scientific information we may have con¬ 
cerning it. Witli the same amount of knowledge and equipment one man will be able to 
avoid too much anesthetic agent and maintain a good patient, whereas anotlier man will not. 


DE. N. K. JENSEN, Minneapolis, Minn.—As a thoracic surgeon interested in this 
problem for the last ten years I was delighted to hear this fine series of papers. I think we 
are all very much in the position of gradually emerging from the era. Dr. Head described 
so adequately, of mystery and magic. We have been flying by the seat of our pants, 
and we are gradually now gathering data on the atmosphere we operate in and are ready 
to start flying by instrumentation, wliich is very much safer. Dr. Stead and Dr. Martin 
and I have studied this problem for about ten years and we have discovered that if 
the recording equipment is turned away from the anesthesiologist he has no idea where 
ho is. If it is where he can watch it he keeps things well in balance. If he knows the 
CO- content in the expired air and the oxygen saturation lie keeps things in balance, but 


by guess he guesses very poorly. 

This equipment is available and can be used. Good infrared CO- analyzers are avail¬ 
able Good oxygen content equipment is available, and it should be incorporated in the 
anesthesia apparatus today. I don’t think any of us want to fly home from meetii^ 
in the "Spirit of St. Louis,” witli a watch hanging for a gravity meter on the dasiiDoara 
you iust cannot fly safely tliat way. I do not think you can give decent anesthesia witli 
the equipment we have at the present time. I am sure the equipment can be made avail¬ 
able and I think we sliould encourage anesthesiologists and iiiaufacturers to make it so. 

One other point was well made by Dr. Papper; the hazard of the period of intubation. 
Wl,«u the neriod of intubation starts, somebody should start holding his breath in that 
mid if the natient is not intubated and being ventilated by the time the observer 
musTbreathe, intubation should be abandoned and tbe patient again well ventilated before 
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a new effort is made The average mdnidual, b^ measurement, the average health} 
interne, can hold hiS breath for about one minute and m that time his arterial pH drops 
from 7 4 to 7 3, at 7 25 he is unconscious and the CO retained is a potent anesthetic agent 
Likewise, in the recover\ period when the anesthesiologist sa\s, “I don’t know why this old 
fellow doesn’t wake up, I onlj used 400 mg of Pcntothal"—that man has been anesthetized 
probablj for the last two liours on carbon dioxide and if j ou run a pH on him you will bo 
amazed It will be about 7 1, he will die at about 6 9 Tou maj have to take this patient 
back to a gas machine and \eutilato him for awhile to eliminate enough COj to bring the 
pH to physiologic ley els before he will wake up Ihe confusion that occurs between the 
anesthesiologist, carbon dioxide, and the ancstlietic agent is one of the real problems in the 
postintratracheal pha’se Unless the carbon dioxide is eliminated siifficientl}, spontaneous 
yentilation is not deep enough to clear the remainder from the blood Reintiibation with 
further artificial ventilation is essential until the anesthetic effects of respiratory acidosjs 
are eliminated Ilithoufc constant measurement of either CO content of aheolar air or 
arterial pH it is impossible to determine if the continuing anesthesia is due to anesthetic 
agent or retained CO Proper diagnosis precedes proper treatment 

DR RICHARD jM PETERS, Chapel Hill, N C—In the discussion of the change in 
compliance in patients under anesthesia, I think it js important to point out that an 
increase m the concentration of CO in the alveoli causes bionchoconstriction whicli is real 
and can make a lung completely unable to deflate passueh This is also true with hypoxn 
and it may yvell be that one of the things which changes the compliance in these animals is a 
loss of pulmonarj volume due to increasing portions of the lung being «!hut off during periods 
of bronchoconstnction associated w itli anoxia or hj-poicapma If compbaiico and airway resist 
anco arc measured simultaneous!}, there is a much greater rise in bronchial resistance with 
accumulated COj or anoxia than there is a change in complionce If a patient becomes 
hjpercapnic or anoxic, it will be much harder to achieve good ventilation because of the 
bronchoconstnction yyhich occurs with these two phenomena Fortunatel}, this is a vagal 
reflex and can be reversed bj atropine, and if a patient cannot be ventilated for these 
reasons, it maj well be that the use of large dorses of atropine will rcliov e the bronchospasm 
so that increased ventilation can be done feasiblj to correct hvpercaiinin 

DR FRANK F ALLBRITTEN, JR, Kansas City, Kan—Dr Peters mentioned the 
increased concentration of COj affecting compliance Tlie patients that were reported 
on were h}'perventilated preceding the measurement of the compliance to the point of 
apnea I think the measurements given have no relationship to retained carbon dioxide 

I would like again to stress that at the present time it seems the volume of ventilation 
is directly proportional to the effective ventilation, and if there is merit in a vacuum phase 
for deflation of the lung lu ventilation, it probably is tint of increasing the volume of 
ventilation within the pressure ranges compatible with the safety of the patient 

The absorption of carbon dioxide discussed bj Dr Nealon is an additional important 
factor The demonstration that ventilatory volume could be significant!} decreased and 
still maintain an adequately effective ventilation explains, in part, the increased total 
volume of ventilation required by anesthetized patients We think that lung compliance 
also plays a part These are two factors, then, which mav pla} a part in the increased 
volume of ventilation neces^^iry to maintain adequate effective ventilation in anesthetized 
patients I suspect that other factors will soon be ev ident 

DR JOHN H GIBBON, JR, Philadelphia, Pa —1 too have found all these papers 
ver} interesting I should like to make just a couple of comments, one, with regard to 
the paper of Drs Gordon and F} re concerning the use of the negativ o phase in the open 
chest Obviousl} in the vast majority of patients it is not neccssar} to use a negative 
phase in the open chest However, I would like to licartih endorse Dr ^raicr’s remarks 
In several patients with marked emph}scma we have had to discontinue open thoracic 
operations when positive pressure ventilation alone was U'^od I\Jicn a negative phase was 
added, the«e same patients were adequately ventilated and the open thoracic operations 
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were successfullj' completed. Adding the negative phase eliminated the distended lung 
obscuring the operative field. Despite what Dr. Gaensler said about the theoretical aspects, 
practically it works; and there are cases in which you will occasionally need a negative 
phase with an open chest. 

AVith regard to what Dr. Gaensler reported about a widel}- used carbon dioxide 
absorbent, this is what Dr. Nealon referred to. A\’c found this absorbent rather worthless. 
U.S.P. soda-lime was inlinitel}’ better. ADe should have given credit, on the slide illustrat¬ 
ing the large canister, to Dr. E. S. Brown who devised it. I might add that this canister, 
filled with ordinarj' U.S.P. soda-lime, has been used in prolonged operations three or four 
hours a day for as long as two weeks without changing the soda-lime and with efficient 
carbon dioxide, absorption. 

Finally, I regard the timing as relativelj’- unimportant. AAniether you use an equal 
duration of inflation and deflation, or a deflation of twice the duration of inflation, or 30 
per cent of the respirator 3 - c.vcle for inflation and 70 per cent for deflation, we still be¬ 
lieve that the more important factor is the mean pressure exerted during the respiratory 
cj-clc. Perhaps, as Gordon and Fj’re believe, the timing is of some importance, but I do not 
think that you can arrive at that conclusion merely b.y determination of the blood pressure. 
AA'^e have tried in normal healthy young people with an intact thorax, to reduce the blood pres¬ 
sure bj' cmploj'ing a high positive pressure during inflation, omitting the negative pressure 
during deflation, and have been unable to affect the blood pressure at all. AVliereas, in elderly 
weak patients with hj-povolemia the blood pressure will drop to shock levels under these 
circumstances. 
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INTRODUCTION 


E VDN optimistic smgeons cannot hide a ecifain disappointment nitli cniient 
opeiations foi aoitie stenosis Manj less entluisiastic and peiliaps loss 
voluble practitioiiois have neiei tiied these opeiations, oi because of faihiies, 
abandoned them Tboie aie at least two impoitant leasons viby siiigeij foi 
aoitio stenosis is nnsatisfactoiv Fust, and doubtless mole impoitant, the 
aoitio \aho cusps aie iisualh seieich damaged—not just adherent to one an 
otliei—bv the time sjnnptoms occui In most cases, the vahes aie calcified 
piodnciiig an almost complete loss, of flexibilitj and because of this a eomplotch 
satisfaeton lepaii maj be impossible unless the \ahe is actuallj tahcii out and 
leplaoed nitli a nciv one The second impoitant cause foi suigieal failuie is 
oasiei to lemedv It is a failuie icsulting fiom use of a closed opeiatne tech 
nique 111 contiast to an open one Ciurcntly cmplojed blind opeiations maj 
fail to aeliievo oven the modest objective of opening the fused commisstiies 
aceiiiatelv and vvidclj Often onlj one of the tliiec majoi eommissurcs is 
opened, although the bodj of a cusp maj be toin in addition, thus piodiieing 
insufficiencj 


If, short of complete valve icplaccinent, accuiate sepaiation of the adhoient 
cusps is the best opeiatioii, this will jiiobablv have to be accomplished under 
diiect vision It is becoming clear that a numbei of caidiao defects such as 
atiial septal defects,'’ pulmonaij stenosis,'® ventriculai septal defects,® ‘ as 
well as raicr defects like tii atiial heait, total anomalous pulmonaij venous 
diainago," and aoitic septal defects'® can be icpaiied better undei diieet vision 
than with blind techmques or onlv uiidci dnect vision, peihaps aoitic stenosis 
should be added to this gioup 

AVith this idea in muid, wc piiisucd the pioblem evpoiimcntallv and aftei 
satisfjing 0111 selves that direct opeiations on the aoitic valve weie feasible, we 
have used the method in a few clinical cases'" Hvpotheimia has been einplojed 
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anestlietic induction with Pentothal and a enrare-tjTpe drug and intratracheal 
intubation, the patient is attached to an automatic respirator. This respirator 
consists of inspiratory and expiratory solenoid valves which are controlled by an 
electronic timing circuit (Fig. 1). It employs an open system rather than the 
more common circle absorption system. The respirator is set at a rate of 13 to 

14 per minute and tliis rate is maintained. Pressure during inspiration rises 
to about 20 mm. of mercury and the minute respiratory volmne is usually 12 to 

15 L. for adults, A mixture of 5 per cent carbon dioxide in oxygen is given 



kortotonV ha^e all been occluded. 
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is followed continuously on an oscilloscope and blood pll determinations are 
taken occasionally throughout the procedure. An intra-arterial needle or 
cannula is used for continuous blood pressure determination. 

Pig. 2 illustrates the chest incision. The sternum is divided transversely 
to allow entry into both pleural caritics through the third interspaces. Loops 
of tape are placed around both lung roots and then with the pericardium opened 
widely, tapes are placed around both venae cavae. A small catheter is inserted 
into the left atrium through the atrial appendage in order to wash air out of 
the left heart at the end of the open operation. 

After infiltrating the tissues around the base of the aorta with procaine, the 
ascending aorta is cleared. Pat and adventitial tissue are removed proximally, 
wliile the right atrial appendage is reh-aeted, far enough to e.vpose the origin 
of the right coronary artery. Distally, the ascending aorta is freed from the 
pulmonary artery so that it ma 3 - be occluded separatelj'. Pine sta}- sutures 
(No. 5-0 sillt) are placed in the ascending aorta to mark each end of the 
aortotomj’ and a Beck clamp (Potts’ principle)" is closed beneath the stay 
sutures to separate a generous lip of the ascending aorta. This clamp appears 
to be identical to the one described bj’ Clowes' which he has emploj-ed for the 
same purpose. As a final stop in preparation, the aortotomj- incision is made 
in the lip of aorta hold by the Beck clamp (Pig. 2). In this waj', no time will bo 
spent in making an incision once the inflow has been occluded. 

The steps that arc followed after occlusion of the cardiac inflow must be 
carried out effieientl.v and without confusion. AVe have employed a cheek list 
eniunorating each task in proper order and this list is finally reviewed just be¬ 
fore occluding the cardiac inflow. It might bo better to have an assistant call 
off each item on the list as the open operation proceeds. Direetlj- after occlud¬ 
ing both venae cavae the respirator is turned off and the loops around both 
pulmonary roots are tightened in order to occlude the pulmonaty veins. After 
a few heartbeats, a Satinskj' clamp is used to occlude the ascending aorta just 
proximal to the innominate arteiy and then the aorta is opened bj- simplj' re¬ 
moving the Beck clamp. Blood still in the aorta is evacuated bj- suction to ex¬ 
pose the aortic valve (Pig. 3). Pollouing a careful inspection to identify the 
commissure.s, each commissure is opened out to the aortic wall. For this we 
use a knife and a heavy Ma.vo scissors. AVe have not tried to remove the cal¬ 
cium from a calcified valve cusp, for a stiufy of pathologic specimens will show 
that this is impossible without partially- dcstroj-ing the valve, thus producing 
an insufficienej'. After the commissures have been opened satisfactoril.v, a 
finger ma^- be passed down into the left ventricle to check the size of the orifice. 

Now, in order to close the aoida without leaving air in the left heart the 
following important tasks are carried out in .sequence. The venae cavae and 
pulmonaiy roots arc released. (AVe have occluded the pulmonary roots as well 
as the venae cavae assuming that some blood would thus be dammed up in the 
lungs to flow out suddenfy into the left atrium at this time and fhcreb.v help 
wa-sli out the air.) The fine sutures at cither end tha.p»*^l^ie wound">”e 

•Manufaclurefl by B. Richter, S43 Duane Street. Glen 
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Fig. 3—With 


thp aorta opened the stenosed aortic \ahe is exposed and the fused cusps are 
being separated witli a scissors 



rcleasTnl both the ofrte atrial catheter and through a tube passing 

[Mtlfsahne solution injected by-way gt.ii closed 

past the aortic valve into 
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elevated and tlie Beck clamp is placed behind them, ready to close the wound. 
As this is being done, saline .solution is injected under pressure through the 
catheter in the left atrium, and a small metal tube is passed domr through the 
aortotomy, the aortic valve, and into the left ventricle, to inject more saline 
solution into the air-filled left heart (Pig. 4). AVithin a few moments a large 
gush of blood, saline solution, and air comes out through tlie aortic incision, and 
when three or four satisfactory heartbeats have each pumped out air-fi ee fluid, 
the aortic incision is closed with tlie Beck clamp and the distal aortic clamp is 
released The respirator is then restarted. To keep the field clear for accurate 
closure of the aortic wound, two suction tips arc employed. Once circulation 
has been resumed, the aortic wound is sutured distal to the clamp with a con¬ 
tinuous stitch of No. 5-0 silk (Pig. 5). In the first patient, the mitral valve 
was explored from the riglit in the mamier dcsciibed by Bailey,- after the 
aorta had been closed. 



5—%\ith circulation resumed, the aortic wound Is sutured over the Beck clamp 

Tlie operation is coinplotcci by placing chest catiietcrs iu both plcuivil 
cavities, closing the pericardium loosely, and repairing the chei,t wound. Three 
double strands of heavy, riristed, stainless steel wiie hold tlie divided sternum 
but pericostal sutures of hca\"j' catgut on cither side also help to stiengthen this 
repau*. 

Eeuanning is commenced during the thoidcotoniy Iiy ])Umpii)g a uann 
solution through the blankets wliicli icmaiu under the jiaticnt and around the 
Iot\er body, but the body tompcratuic will still be low at the end of the opera¬ 
tion so the patient is transferied to a tank of water heated to 45® C. As tk® 
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body temperatmo uses, the imxtmo gl^ca by the lespuator is changed iiom 
caibon dioxide and oxjgen to oxjgcn alone, and finallj tlie lespiiatoi is dis 
connected licwainung is stopped 1111011 tlie bodj tempoiatuie reaches 33° to 
35° 0 Usually the patient has spent thirtj to sixti minutes in the tank 

C1SE REPORTS 

Case 1—Tins 12 jenrold girl (U H No 890924) was luiown to Iiave a heart murmur 
since the age of 2M.f but it •uas not until eight months prior to surgery that she had 
serious difficulty At that time she suffered se\eral fainting episodes and chest xrays 
showed that her heart had become larger Despite medical treatment^ her condition 
deteriorated until slie uas bedridden with chronic congestive heart failure 

On examination she had a systolic murmur at the base with sjstolic and diastolic 
murmurs at the apex of the heart as well The blood prc'^sure was 90/80 mm Hg The 
heart was large (Fig 0, and the liver was palpable and tender 8 cm below the costal 
margin There was minimal anhle edema 

Despite her grave condition, surgerj was recommended and carried out on Dec 2, 
1955 Her temperature fell to a low point of 20 5® C and the operation just described was 
completed witliout complications Tho cusps of the aortic valve were fused to allow only 
a tiny opening but separation was easj with a knife because the valve was not calcified 
Circulation was interrupted for five and three quarters minutes After closing the aorta, 
tho mitral valve was explored from the right, but although there was a small regurgitant 
jet, we felt that this was a relative insufficiency due to tho largo size of the heart rather 
than one duo to intrinsic disease of the mitral valve 

Her convalescence was marred bj a period of hallucinations on the Hfth postoperative 
day which lasted two or three da>B Choreiform motions also appeared at this time and 
they persisted, graduallj diminishing, for two to three weeks Otherwise she has shown 
striking improvement as is suggested by the pre and postoperative chest xrays (Fig C) 
Her blood pressure is 96/00 mm Hg She is active and is gaining weight and strength 

Case 2—A N (U H No 982278) was a 53} ear old man who had suffered several 
fainting spells, brought on by pJiysical exertion during the jear prior to his operation 
He fell, breal ing some teeth, during an attack and was hospitalized with the tentative 
diagnosis of acute coronary occlusion On examination he had a harsh murmur and a 
thrill over the aortic area Blood pressure was lOS/86 mm Hg On x ray examination the 
heart was of normal size but calcification could be seen in the region of the aortic valve 

TIio operation was performed without difficulty, according to the tccluuque just described, 
on Jan 31, 1950 The aortic valve was stenosed and rather heavily calcified along tho 
site where the cusps had fused These cusps were separated with a knife and scissors but, 
at one commissure, the separation was not carried entirely out to the aortic wall because 
we feared that too much regurgitation would be produced After finishing, the index 
finger could be passed back into the ventricle with case but the valve cusps remained 
stiff The lowest body temperature during surgery was 29 5* C and the circulation was 
occluded for four minutes 

His immediate postoperative recovery was uneventful Ho is gradually gaming 
strength and he has had no fainting spells since surgery but tliere has not been tho 
striking improv ement that characterized the first case Blood pressure is 120/80 mm Hg 

Case 3—TIii«s patient (Hosp No \. 130082) was a 58 year old man who had •suffered 
from attacks of angina for three or four years These attacks were becoming more 
frequent and more severe and he was also troubled witli intermittent claudication On 
examination there was a thrill and a harsh systolic murmur over the aortic area which 
was transmitted to tho neck bilaterally There was a diastolic murmur over tho apex 
Blood prc‘«sure was 110/00 mm Hg The x ray s showed some prominonco of the left 
ventricle and calcification in the aortic area 
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SUatMARy 

1. ^ This article descriljes the technique of an operation for relieving aortic 
stenosis under direct vision during hj-potherniia as well as the experimental 
work that preceeded use of this opei’ation on man. 

2. The experimental work showed that open operations could he done on 
the aortic valve with a low mortality rate and that it was possible to avoid air 
embolism by thoroughly washing out the left heart before closing the aorta. 

3. The accurate separation of all three cusps achieved under direct msion 
should make this a better operation than blind transventricular or transaortic 
operations. Nevertheless, for the heavilj’’ calcified valve a completely satis¬ 
factory result will probably require replacement with a new valve. 
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Discussion 

DR. HENRY SWAN, II, Denver, Colo.—^I should like to say a few words to reinforce 
Dr. Lewis’ comments with regard to the value of the open approach to the aortic valve. 



\oluner AORTIC valvulotomy DIRECT MSION aC\q 

N mber i 

Ve ]ia\e had a \erj limited experience so far Tilth this, being confined to 2 patients One 
of these had acquired disease and the other Tins a child vrith congenital lalvular stenosis 
We Tvero quite Tvorned, of course, about the problem of air embolism It boils doTvn to 
tno aspects If the aorta is open and the coronarj ostia are exposed to the air, ivill air 
inoTc in to the coronarj arteries? It interested me that it took a long time in the histon 
of medicine to make the crucial experiment, namely, open the aorta and see if it iiould 
mo\e in I think Dr Clones was the first to do this, and the ansirer is that it does not 
One can sit and natch the air blood interface at the mouth of the coronary artery and 
tliero IS no tendency for air to enter the coronary arteries The position of the patient 
is such that the left pulmonary ostium is dirccth down while the right coronary is 
directly up I think this is desirable because if air should enter a coronary artery it will 
enter the right, in all probabihti, because of tins position and this can bo seen immedi 
ately and appropriate measures taken should it occur 

The other problem is hou to aioid trapping air in the left heart and in the aorta 
Dr Lewis has explained how lie has avoided this \Vc haic one slide I would like to 
show Wo have not used Ringei s or saline solution, but wo do put a multitude of clamps 
on, and the one to which I -would particularly direct your attention is a largo tourniquet 
around the lung roots We also put a clamp across the innominate and carotid in case a 

little bubble of air got caught, this clamp conies off last to nioid any possibility of 

cerebral air embolus There is also a clamp across the aorta The area above the vahe 

IS opened and one can look donn and get a \iew of the Talvc The lalue of lung tourni 

quets is that one can trap enough blood m the lung to fill up the left side of the heart 
Thus, the first escape manouicr is to release the tourniquet on one of the lung roots 
allowing tho venous flow to como to the left auricle, fill the left \entnclo and then start 
to move out of the incision At this point, when the aorta appears completely full, the 
compression clamp is applied to the incision and the aortic clamp, as Dr Lenis said, is 
very rapidly removed 

I think the great value of this procedure tviII prove to be in treatment of tho con 
genital valve The one lalic wo haae had a chance to sec at operation Tvns quite similar 
to that which one sees in tho pulmonary TaUc B\ very careful placing of the incisions 
in tlio exact line of the commtsoures it was possible to completely relievo the stenosis and 
at the some time not create am regurgitation I also understand that Dr Glen Morrow 
has had the opportunity to treat one patient in thi«i fashion inth subaortic stenosis and 
Tias quite pleased witli the procedure I agree, then, wholeheartedly with Dr Lems that 
although tho ideal operation for the calcific \nlTe remains to be elaborated, this approach 
is T ery practical 

DR DWIGHT E HARKEK, Boston, IVIass—Dr Lewis’ paper is up to his own high 
standards and those of the fine group from -wlicnco he comes 

It is ’better to sec, than to feci, and better to fed than not to fed Howeicr, this 
platitude of “seeing being better than feeling,” must bo interpreted in tho light of tlic 
00*^1 the risk, and tlie quality of what we do Trhxle we see 

■Ww me wot argwiwg over the congeintnl noncalcific aai%o Those probably boat 
be handled bi open techniques Howeier, this may not bo necessary in tho adult's 
acquired, noncalcific, aortic steno^^is The lightly fused tricuspid aortic lalve may best 
be managed by finger fracture 

I would like to elaborate on the difference between seeing and feeling, howoier, in 
two extenuating dimensions 

Tho first IS the factor of time These commentK are based on more than seventy 
aortic operations Ve are mainli concerned with calcific valios in tlie adult group We 
must think m terms of the time we haic to work It may bo important to work de 
hberatcly 20 or 10 minutes, and thus perhaps accomplish more tlian wo could accomplish 
during a linstv open procedure under hT-pothcrniia Vith a pump oxvgcnator, the situa 
tion may well be different Tlic second dimension is the pntholoffw 
to tho fact that in the noncalcific acquired stenosis in adults, open 
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not necessan-. The tricuspid form of aortic stenosis is quite easily managed and manipu¬ 
lated with the finger. The spectrum ranges from the simple to the virtually impossible by 
any technique. "Lnpossible calcific barrier” is admittedly a relative term, depending on the 
surgeon and his experience. 

When we palpate the valve and fracture it cautiously and, deliberatively using all 
the time we need, we use an Ivalon sponge operating tunnel at the aortic base. This 
differs significantly from the tunnel suggested by Dr. William Kirk Swann who uses a cloth 
tunnel. 

The commissure must be opened and mobilized. These leaflets must constitute a 
valve that is as competent as we can make it and that represents minimal gradient to the 
transfer of blood. 

There are those valves that we cannot correct satisfactoril}' with our fingers or a 
valvulotome bj' open or closed techniques. For this reason, we must address ourselves to 
the matter of replacing valves. Open techniques will be important in such replacement. 
Until this time, there is a useful place for operating tunnels. 

I hope that by the time we meet again, Ave will have a competent permanent, non- 
gradient valve, that does not propagate emboli. 


DE. GERONIMO N. GUASTAVINO, Buenos Aires, Argentina.—I have enjoyed this 
interesting paper very much. With the object of overcoming some of the problems of 
aortic stenosis surgery, an instrument has been dcA'ised to be used in the aortic approach. 

(slide) This is a long plastic prism, with one surface Avider than the other.s, which 
carries a sliding mechanism Avith two acting sharp members which can be protruded 
closed, under visual control,' through the stenotic opening. 

(slide) The triangular shape of the instrument may be seen. The instrument is 
introduced through the aortic approach; both blades are opened after introduction through 
the stenotic opening. Each blade may be open or shut separately permitting indiAudual 
section of any commissure; if necessary one blade may section for a greater length than 
the other. When the sliding mechanism is draAA'n back the blade cuts from below upward. 

(slide) This shoAVS the blades introduced through the stenotic opening of a pulmonary 
A'alA'e. The illustration was prepared on a specimen of valvular pulmonic stenosis. Next 
you see the nature and extent of the section of the stenotic valve produced when the 
sliding mechanism of the instrument was A\'ithdraAvn; notice particularly hoAV the valve is 
cut as the blade comes from beloAv. 

Anatomic results are similar in the case of aortic stenosis. As you know, con¬ 
genital aortic stenosis resembles anatomical^ pulmonary valve stenosis. 

(slide) When necessary, as in calcific aortic stenosis, both blades may be replaced 
by another sliding mechanism Avhich carries a guillotine knife for use in very firm valves. 

We believe that this instrument may permit (1) A’isual control of the aortic valve 
and stenotic opening from above; (2) introduction under visual control of two sharp 
acting members into the stenotic opening; (.3) section of the commissures from below 
upward, the result of which can be Ansually controlled and, if necessary, the acting mem¬ 
bers may be reintroduced to make as many sections as are necessary; and (4) the tri¬ 
angular shape of the instrument produces minimal obstruction of the aortic lumen an 
permits introduction of a catheter for transfusion if necessary. 


DE. HENEY B. LAEZELERE, Toledo, Ohio.—Ever since the initial efforts of Horace 
lithv we have looked for the successful means whereby aortic stenosis may be treated. 
gitaV and instrumental efforts via the left ventricle have produced results which most 
rgeons have decried and abandoned as too dangerous and too inconclusiA-e. Into the 
rena " labeled e-v-perimental surgery, haA-e been placed more recent efforts via the aorta 
elf namely the transaortic retrograde procedures. All agree that the latter approach 
educes less ’heart strain; in other words, rarely cardiac arrest or fibrillation. Yet the 
users of hemorrhage and embolization still seem to make the risk out of all proportion 

a 



Volume 32 
Number 4 


AORTIC VAL^^JLOTO^^V UNDER DIRECT VISION 


495 


to tlie e-^pectations 'Witliin tho past jcar, attack imdcr direct \asion has met •with some 
success Reports toda} are \or 3 interesting and proiide again great expectations We 
aro all enthusiastic about these promises and evident results, as shown toda^ bj Dr Lewis 
Houeier, tlipio remains the need for much moie refinement and reeialuation on the 
part of thoracic •surgeons beioro tlu siirgorj of tins \aUc is shelved or relegated entirelj 
to direct vision efforts Indeed, the patient with aortic stenosis cannot wait out his turn 
for certain highlj specialized teams to treat his valve He must be treated or die As 
we all know, when tho symptoms of aortic stenosis border on or become, those of con 
gestive heart failure, the patient generally is faced with onlj six to eighteen months of 
life expectancy Therefore, an instrument and a technique for the proper treatment must 
be perfected to allow all patients wnth this disease a chance for extended life 



Such means are available, but these means must be perfected Host previous in 
struraents are quite inadequate and too cumbersome Ve wish to present for the first 
medical sliowing tho vastly impioved Donaldson instrument, and to re define the problem 
of aortic stenosis surgerj Ve wish to reestablish the true worth of the aortic retro 
grade teclmique 

Hemostasis and actual valve commibSurotom 3 arc tho tv\o features to bo emphasized 
For adequate hemostasis several devices arc good Ve have come to use the plastic tunnel 
devised bj Swan although, when available, we prtfor the pericardial homograft pouch 
method of Batlev To effect the best hemostasis xn the use of either tunnels or pouches, 
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not necessary. The tricuspid form of aortic stenosis is quite easily managed and manipu¬ 
lated with the finger. The spectrum ranges from the simple to the virtually impossible by 
any technique. "Impossible calcific barrier" is admittedly a relative term, depending on the 
surgeon and his experience. 

When we palpate the valve and fracture it cautiously and, deliberatively using all 
the time we need, we use an Ivalon sponge operating tunnel at the aortic base. This 
differs significantly from the tunnel suggested by Dr. William Kirk Swann who uses a cloth 
tunnel. 

The commissure must be opened and mobilized. These leaflets must constitute a 
valve that is as competent as we can make it and that represents minimal gradient to the 
transfer of blood. 

There are those valves that we cannot correct satisfactorily with our fingers or a 
valvulotome by open or closed techniques. For this reason, we must address ourselves to 
the matter of replacing valves. Open techniques will be important in such replacement. 
Until this time, there is a useful place for operating tunnels. 

I hope that by the time we meet again, we will have a competent permanent, non¬ 
gradient valve, that does not propagate emboli. 

DE. GEEONIMO N. GUASTAVINO, Buenos Aires, Argentina.—I have enjoyed this 
interesting paper very much. With the object of overcoming some of the problems of 
aortic stenosis surgery, an instrument has been devised to be used in the aortic approach. 

(slide) This is a long plastic prism, with one surface wider than the others, which 
carries a sliding mechanism with tivo acting sharp members wliich can be protruded 
closed, under visual control,' through the stenotic opening. 

(slide) The triangular shape of the instrument may be seen. The instrument is 
introduced through the aortic approach; both blades are opened after introduction through 
the stenotic opening. Each blade may be open or shut separately permitting individual 
section of any commissure; if necessary one blade may section for a greater length than 
die other. When the sliding mechanism is drawn back the blade cuts from below upward. 

(slide) This shows the blades introduced through the stenotic opening of a pulmonary 
►’alve. The illustration was prepared on a specimen of valvular pulmonic stenosis. Next 
rou see the nature and extent of the section of the stenotic valve produced when the 
sliding mechanism of the instrument was withdrawn; notice particularly how the valve is 
;ut as the blade comes from below. 

Anatomic results arc similar in the case of aortic stenosis. As you know, con¬ 
genital aortic stenosis resembles anatomically^ pulmonarj- valve stenosis. 

(slide) When necessary, as in calcific aortic stenosis, both blades may be replaced 
jy another sliding mechanism which carries a guillotine knife for use in verj' firm valves. 

We believe that this instrument may permit (1) visual control of the aortic valve 
ind stenotic opening from above; (2) introduction under visual control of two sharp 
icting members into the stenotic opening; (3) section of the commissures from belou 
ipward, the result of w'hicli can be visually controlled and, if necessary, the acting mem¬ 
bers may be reintroduced to make as many sections as are necessary; and (4) the tn- 
ingular shape of the instrument produces minimal obstruction of the aortic lumen an 
lermits introduction of a catheter for transfusion if necessarj-. 

DE. HENEY B. LAEZELEEE, Toledo, Ohio.—Ever since the initial efforts of Horace 
5mithj', we have looked for the successful means whereby aortic stenosis may be treated. 
Digital' and instrumental efforts via the left ventricle have produced results which most 
lurgeons have decried and abandoned as too dangerous and too inconclusive. Into tie 
‘arena ” labeled experimental surgerj', have been placed more recent efforts via the aorta 
tself namely, the transaortic retrograde procedures. All agree that the latter approac i 
jrodu'ces less heart strain; in other wmrds, rarely cardiac arrest or fibrillation. Yet tlie 
iangers of hemorrhage and embolization still seem to make the risk out of all proportion 
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to the expectations Withm the past jcar, attack under direct \ision has met with some 
success Reports todaj are \er} interesting and proMde again great expectations AVe 
are all entliusiastic about these promises and evident results, ns shown todaj bj Dr Lewis 
Houeier, thoie remains the need for much more refinement and roeialuation on the 
part of thoracic *!urgeons betore the «iurger 3 of this \al\c is sliehcd or relegated entirely 
to direct vision efforts Indeed, the patient with aortic stenosis cannot ^\ait out his turn 
for certain highl;> specialized teams to treat Jus aalve He must be treated or die As 
we all know, nhen the sjmptoms of aortic stenosis border on or become, those of con 
gestive heart failure, the patient generallj is faced with onlj six to eighteen months of 
life espectancj Therefore, an instrument and a technique for the proper treatment must 
be perfected to allow all patients witli this disease a chance for extended life 




Such means are available, but these means must he perfected Most previous in 
strumonts are quite inadequate and too cumbersome Ve v\ish to present for the first 
medical showing the vastly improved Donaldson instrument, and to re define the problem 
of aortic stenosis surgery Vo wish to reestablish the true worth of the aortic retro 
grade technique 

Hemostosis iiad actual \ahe commissurotomj are the t«o features to be cmphasiicd 
Tor adequate hemostasis sereral dcMces are good tt o have come to use the plastic funnel 
devised bj Swan ulthougli, when available, wo prefer the pericardial homograft pouch 
method of Ba.Icj To effect the best hemostasis in the use of cither tunnels or pouches 
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it is necessary to use a strong purse-string suture placed at the distal end of the tunnel, 
several millimeters from the edge so ns to offer a cuff or surface always encircled by the 
suture material. No knot should be placed in this purse string. An important further 
factor of hemostasis is the use of an encircling umbilical tape placed midway along the 
tunnel, so that entrance and withdrawal of finger and/or instrument can be performed in 
a stepwise fashion, offering at all times a double control. jNIaintenance of this encircling 
tape in a fixed position is made easy with a small fixation suture, attaching the tape to 
the tunnel wall. 

Experience has shown that approximately half of the stenotic aortic valves can be 
adequately opened by digital technique alone. However, in the remaining cases, careful 
and constantly guided instrumentation is essential. Por the calcific valve, loaded with 
granular or pedunculated calcium deposits, it seems brutal to assume that blunt digital 
efforts, with the inherent risk of embolization, are to be accepted. In such cases a shearing 
positive force, applied simultaneously to all the diseased commissures, is necessary. In 
this waj- embolization is kept to a minimum. 

The Donaldson instrument very capably achieves this goal; and as a dilator has 
been used many times successfully at several centers. However, too often, momentary 
short cuts in its use have caused fatalities. Each “pass” or engagement of the instrument 
into the valve orifice must be guided. Completel}' blind maneuver without finger-tip con¬ 
trol leads to embolization, torn valve cusps, blocked or damaged coronary orifices, and dis¬ 
ruption of hemostatic control. Dr. Samson has been kind enough to aid me in presenting 
a silhouette of this thin-shafted, rugged, all stainless steel instrument. Guided instru¬ 
mental engagement is made easy by placing the instrument along the palmar aspect of 
the finger. The finger tip is made to “seat” carefully into the sinus of Valsalva; the in¬ 
strument is then engaged, and the commissurotomy is effected. The instrument may well 
have its greatest place in the open surgery on the aortic valve, as well as in the so-called 
closed maneuver.* 


DE. CHAELES P. BAELEY, Philadelphia, Pa.—Of course you understand that we are 
very fond of Dr. Lewis and he of us. Otherwise, he probably would not have picked on Phila¬ 
delphia so much. Speaking of priorities, he raised the question: I performed the first historic 
open heart operation for an atrial septal defect under hj-pothermia four days before he did 
(Aug. 29, 1952). The difference was that ray patient died while his lived. Maybe that e-v- 
perience gave me a more dismal view of hypothermia than he and Dr. Swan have come to ac¬ 
cept. John Gibbon of Philadelphia was the first in this country, and perhaps in the world, 
successfully to open a heart with the use of a heart-lung machine. 

During the past six years, we have operated upon a total of about 130 patients with aortic 
stenosis. A few of the early procedures now seem prettj- antiquated. We performed over 
200 transventricular dilatations of the aortic valve and operated on another 200 by the 
supravalvular route. Wo now insist on a tricommissural opening in every normally formed 
valve or else we consider the operation a failure; the mortality in the transaortic proce¬ 
dure is about 15 per cent. Beeently, hearing that Dr. Lillehei had opened one of these 
valves under direct vision with a pump and oxygenator, we have decided to do likewise in 
certain cases and now have operated upon 2 patients using the Friedland-Gemeinhardt 
bubble-type oxygenator. We used the Blanco, Adam, and Fernandez method of cannulating 
the coronary sinus for retrograde perfusion of the myocardial capillary bed which Dr. 
Lillehei has used also. One patient was a 14-year-old boy with congenital aortic stenosis 
and subaortic stenosis. The other was a 24-year-old man with what proved to be an ac¬ 
quired and calcific type of aortic valvular stenosis. The metliod worked very nicely. In 
both cases we were able to obtain the same good tricommissural opening that we have 
come to expect with the closed method. In both we abolished the gradient as we should have 


.T+ to the nolicv of this Jourxal to publish illustrations w'ith the discussion. 

*It IS contrary to tne policy or because it is easier for the reader to 

However, an excep i instrument by seeing photographs of it, and because of the Editor s 
disire fo^'give ail possible Issistance to the development of this very important new field of 
operative surgery.—E ditor. 
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e\:pected with the closed method No regurgitation was produced We took 16 and 24 
minutes, respectively, for the definitne surgerj I must point out, however, that uhile the 
open approach would seem to bo torj useful m congenital aortic vahular disease in which 
the commissures might not be nomialh formed and also in calcific aortic stenosis since 
there is danger that a fragment might be dislodged, each of these procedures took us more 
than 7 hours and wo had to sit up with the patients after\sard to be sure thej did not bleed 
to death or something like that Wc are inclined to think tliat the usual 3 hour operation bi 
the closed technique might have manj practical advantages in “some of these patients How 
ever, this is a wonderful presentation of a fine now approach m certain of these cases Iln 
questiouablj, open surgery for aortic stenosis is here to staj 

DR C W LILLEHEI, Slinneapolis, Mum—I would like to supplement Dr Lewis ^ fine 
presentation bj de'scnbing jet another method for extending the benefits of direct vision 
leparative surgerj to the aortic \ahe and other left heart lesions 

The readj availabihtj of a simple, straightforward, and effective pump oxjgenator for 
human use has shifted tlie emphasis upon research in our experimental laboratorj from tliat 
of the development of methods for open cardiotomj which occupied our attention for so long, 
to that of application of the advantages of open cardiotomj to the treatment of various cardiac 
lesions likely to benefit bj this approach As a result, about a vear ago the problem of 
working upon the left heart commenced m the experimental laboratorj In working in this 
area in an unhurried manner tlicrc arc at least two obstacles tint need to be overcome One 
is the prevention of coronarj air embolism, tlie other is tlic maintenance of some coronarj 
blood flow to the mjocardium to prevent muscle lijpovia 

It may be suggested that direct vision reparative procedures upon the aortic valve be 
earned out rapidly enough to allow their completion during a brief interval without coronarj 
blood flow Vhile this is certainly possible, wo have rejected this approach for two reasons 
Pirst, a time limitation is imposed which is undesirable for the patient Second, however short 
the procedure can be made, the myocardium at the end of such an interval is left in a hypoxic 
state This is also true wlien selective cardiac arrest without coronarj circulation is induced 
In cnticallj ill patients, this metabolic oxjgen debt within tlie cardiac muscle could be 
intolerable and vitiate an otherwise successful surgical procedure The same considerations 
in some measure pertain to the use of hvpothormia and temporarv arrest of the circulation 
for exposure of the aortic valve 

The method that we have used to avoid these obstacles has been to totallj bypass the 
heart and lungs in the usual fashion with the pump oxvgenator and to retroperfuse the 
eoronarjr venous sjstem with oxygenated blood through a separate catlicter inserted into 
the orifice of the coronary sinus Pratt, in 1898, first pointed out that the mjocardium 
could bo nourished in this fashion Drs Blanco, Adam and Raffucci from the department 
of surgery at the School of Tropical Sfedicino in San Tuan Puerto Rico, have reported on 
experiments appljing these observations Likewise Bccl has made u'^e of this principle 
in his revascularization procedures However, I might emphasize one important difference 
in utilization of this principle for open heart surgerj, that is, with the a‘;cending aorta 
open (and the pressure within, zero) the resistance to retrograde flow through the coronarv 
sjstem IS slight and adequate flow occurs with a verj low pressure In the clinical ca‘«es, 
wo have pumped only enough blood into the coronary sinus to maintain a healthy pin! 
color in the mjocardium and this amounts to a mere trickle since the oxvgon requirements 
of the nonw orking heart are low 

In our experimental laboratory. Dr Gott has consistentlj maintained the hearts of 
dogs on retrograde coronarj sinus pcrfwsjon with the aorta open for 30 minutes with onlv an 
occasional instance of arrhythmia I might mention that the nonvvorking canine heart 
usually fibnllates or arrests in far less time when the coronarv circulation is cut off com 
pletclj 

Clinically wo have utilized total bv pass of the heart and lungs with retropcrfu^ion of 
the coronarj sinus in patients with five different tj*pcs of pathology involving the left side of 
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tlio Jieart. In each case, tlie human heart remained a iiealthy pink color and continued to beat 
at a slow regular rate througliout the interval of maintenance bj' retroperfusion. 

The first patient, a SS-ycar-old woman with calcific aortic stenosis, was operated on in 
January, 1956. 

(Slide) This is her preoperative chest x-ray showing the large amount of calcium 
in the aortic valve. Physical!}', she was in Class IV, being completely incapacitated. This 
typo of case has given rather discouraging results when managed by closed methods. This 
lady’s aortic valve was exposed to direct vision for lli/i minutes while the cusps were mobilized 
accurately at their commissural junctions, and some of the verrucous calcium deposits 
trimmed off the leaflets. There were no arrhythmias and her postoperative improvement 
has been dramatic, and sustained to date. 

(Slide) In a 7-month-old infant with an aortic pulmonary septal defect, this technique 
allowed us to simpty divide the fistulous communication between tlie empty ascending aorta and 
main pulmonary arterj’, and oversew the open ends. In this case, the heart was supported by 
retrograde coronary sinus perfusion for 7 minutes without arrhythmias. The infant died 
ten days later of a diffuse bronchiolitis probably aggravated by the severe pulmonary hyper¬ 
tension present preoperatively. However, this approach converted what is often an impossible 
dissection by' closed methods into a simple open procedure. 

(Slide) The third patient, 10 years of age, had a ruptured sinus of Valsalva into the 
right ventricle. Her blood pressure prior to corrective surgery was consistently 110/0 mm. Hg. 
After the heart and ascending aorta were rendered bloodless by this technique, the defect 
was closed with interrupted silk stitches placed under direct vision. Immediately’ follow¬ 
ing corrective surgery', she had a diastolic pressure of 70 mm. Hg and convalescence was 
uncomplicated. 

Two other ty’pes of lesions have been managed in this fashion. Multivalvular (aortic 
regurgitation, mitral stenosis) rheumatic heart disease in a 52-year-old patient treated 
successfully' by' direct vision aortotomy' and left atrial cardiotomy; and in a 15-nionth-old 
baby' with complete transposition of the great vessels, both coronary' arteries were moved 
with the aorta to the loft (posterior) ventricle, the pulmonary artery was joined to the right 
(anterior) ventricle, and multiple ventricular defects were closed. This latter patient died in 
the postoperative interval but the heart was maintained without arrhy-thmia and with an 
excellent beat and color for IG minutes while the coronary arteries and aortic valve were 
anastomosed to the posterior ventricle. 

In conclusion, this experience has suggested that this method is a valuable adjunct 
to the pump-oxygenator for left heart surgery. Further, if one lets his imagination wander 
for a moment several other applications are apparent, such as replacing tlie ascending aorta 
for aneurysms or to permit the cross-clamping of the main coronary' arteries for a tem¬ 
porary period to allow direct surgical procedures upon these vessels. 


DB.. WILLIAM H. MULLER, JR., Charlottesville, Va.—I, too, would like to con¬ 
gratulate Dr. Lew'is on this excellent accomplishment, but I w'ould also like to raise the 
question of the advantages offered by the open procedure over those offered by the closed 
procedures that are now utilized for acquired aortic stenosis. I would agree w'lth those 
who say that the open technique for congenital aortic stenosis is better because one has a 
more normal valve to open. The aortic valve in acquired aortic stenosis is often so de¬ 
formed and calcified that residual commissural fusion lines are not discernible. Actually, 
the goal in opening the aortic valve is to relieve the gradient across it and this can be done 
in almost all instances tvith either the transventricular or the retrograde approach. I think 
we will probably continue to use these outmoded procedures until the valve can be replaced 
with a satisfactory prosthesis. 


DB J H KAY, Bethesda, Md.—Drs. Kaiser, Gaertner, and I have used a similar 
method Experimentally as well as clinically^ Eleven dogs were cooled to ^ ^ 

temperature of 32° G. and a right anterior thoracotomy was performed through the fourtn 
intercostal space. The base of the aorta was exposed on the right side at the origin of w 
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lortic \fihes retracting the right auricular ippendage cnudai] After performing in 
fio^\ occlusion tlie aorta -nas cross clamped at the origin of the great \essels The base 
of the aorta "svas then opened for 4 minutes Ihis gave excellent exposure of the aortic 
valves The caval tics uerc released and all the an fluslied from the left ventricle and aorta 
Tlie incision in the aorta nas clamped and the clamp used for cross clamping the aorta nas 
removed Tliere nas no evidence of cerebral, coronarv, or peripheral emboli All 11 dogs 
nere chronic survivors AVe then operated on the following 2 patients with Dr Alorron 
Using a bilateral anterior incision as described b\ Dr Lewis, the open approach was used 
to cut the stenotic aortic valve in a verj ill, middle aged woman Because of mitral stenosis, 
a mitral commissurotomj was also done Although this patient w is alert and anal e postopera 
tively, she died hve dajs liter of a pulmonarj embolus The second patient had a sub 
valvular aortic stenosis that nas satisfactonlj treated with the open approach A median 
sternotomy was used m this patient It gave excellent exposure AAo feel that the post 
operative period will be much easier for patients with a median sternotomj than with 
tho bilateral anterior incision A\c agree wholeheartedlv with Dr Lcnis that aortic 
valvotonij under direct vision is the best present dav method of treating aortic stenosis 

DR LEAAIS (Closing)—I would like to thank the discussants for their stimulating 
comments It is gratifying to find so much interest in this tvpe of surgery, and I am 
especialh delighted to find some supporters among the group I am sure there are more 
among you who could have stood up to support tins, for I know of a few others who have 
actually used the technique 

If Dr Bailey wore not such a gracious gentleman I am sure his response to my com 
inents would not have been so Kind I am humbled bv his attitude as well as by the large 
number of cases he has operated on But lie still leaves me rather confused as to how mv 
priority rating stands So I think I will have to go homo and put that scissors aside, in case 
the Smithsonian Institution does finally ask me for it 

So far as Dr Lilleliois comment concerning trimming of the calcium off tl esc valves 
IS concerned, I would warn any of voii who might want to try this, to try it in dead 
specimens first In our own experience this seems to be an impossible technique Usuallv 
tho calcium extends to both valve surfaces and if you take out tho calcium you male n 
hole m the valve so we do not try to trim calcium out of these calcified valves 

I am suie there will always bo some, like Dr Muller, who will stick to the older tech 
niqucs as long as they can Any active society always ha« a few members who arc slow to 
accept change Others of you I am sure will soon come to using an open technique on thc'so 
cases 



INDICATIONS FOR LOBFCTOMY IN THE TREATMENT OF 
CARCINOMA OF THE LUNG 

JosKPri L. Robinson, M.D., John 0. Jones, M.D., and B. W. Meykk, M.D. 

Los Angeles, Calie. 

I N presentiiif? this suiijoct for discussion by the members of the Association, 
we should lilie to have it clearly understood that we are not raising the 
question of wliefher lobectomy is a better operation than pneumonectomy in 
the treatment of pulmonary carcinoma, but rather, in treating a human being 
for carcinoma of the lung, under what circumstances is it preferable to remove 
less than the entire lung? We believe that every sui’gcon worthy of the name 
must, in treating a given patient, temper the /cal of the surgical technician 
with the judgment of the phJ^sician within him. Ilis aim in treating a patient 
must be not only to bend every effort to save the patient’s life, but to do so 
in such a manner as to make that life as happy and satisfactory in the living 
as is possible. Because of the multiplicity of clinical factors which bear upon 
each individual patient, “indications” for surgical procedures must serve not 
AS absolute criteria but rather as guideposts to aid the .surgeon in reaching a 
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Until 1950, the question of lobectomy for caicmoma of the lung had not 
assumed sciioiis pioportions for us, and of 79 leseotions foi caicmoma, only 
3 had been lobectomies But in late 1950 and eaily 1951, an attempt uas made 
in Los Angeles County to suney bj mmifilm chest 'eiay the entiio adult 
population One of the lesiilts of that suuej ivas to bung evenfuallj to the 
operating table a number of patients nith small, lound, circumsciibed, pe- 
iipheial, asymptomatic lesions whose etiology could not be detoimiiied until 
the tissues were placed in the hands of a pathologist In those instances in 
•uliieh the pathologist lepoited a malignancy, oui policy has been as folloivs 
(1) if the lesion is 11611 lemoved fiom the fissuie oi the adjacent lobes, and 
fiom the point of transection of the bionehus, and the mediastinal and hilar 
nodes do not appeal to be imohcd, and the pathologist lepoits no imohe- 
ment of the peribioiichial limph nodes, we aie satisfied to do oiih a lobec¬ 
tomy, (2) if the above conditions aie not satisfied, iie piocecd to do a total 
pneumonectomy unless the patient’s caidioicspiiatoiy situation contraindi 
cates it, in which case lie do not icsect anj' moie lung tissue, but do dissect 
out all the available lymph nodes 

The results of that policy upon oui icseetions aie shown in Table I The 
proportion of lobectomies, i\ Inch prior to 1950 ii as 3 8 per cent, jumped to 
30 4 per cent in 1950, and foi the past 2 jears has o\eoedod the pneumonoc 
tonnes 


Table I OrETAiiONS for Pfimari Cafciromi of the Luno 


■■1 



NUMBI^ OF 
PNCUMONEC 
TOMIES 

; NUSIBFP OF 
j I0BECT0MIF8 

rsr CFNT 

LOBECTOMirq 

Prior to 






1950 

160 

79 

76 

3 

38 

19j0 

36 

23 

16 

7 

■■R i SHH 

1951 

38 

18 

13 

5 


1952 

41 

24 

18 

6 


1953 

37 

17 

0 

8 


1954 

38 

26 

11 

15 


1955 

26 

13 

5 

8 


Total since 
1950 

216 

121 

72 

19 

405 

Total 

376 

200 

148 

52 

J6 0 


A oncieai folloii up of the patients opciated upon dining that period 
(Januaiy 1, 1950 to Januaiy 1, 1955) shows (Table II) that tlieio were 41 
lobectomies, aftoi ivliich 21 patients, oi 51 poi cent, have hied one jcai or 
moiG, and 67 pneumonectomies, after iihich only 4, or G per cent, haic hied 
one year or more 


Table n Eeseotions From Januafv 1, lOoO to Tanuafi 1, mss 



NUMnET, 

RESECTEI> 

i 'TUMDcr Ainr ONt 'VEap op 


41 

21—51 % 

Pncumoncctomie®; 

67 

4— 0 % 

Total 

lOS 

23—23 2% 
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We do not have a sufficient number of patients to make a five-year follow¬ 
up meaningful, but reference to the mortality curve published in a previous 
paper, and which is shown in Fig. 1, indicates that a three-year follow-iip is 
quite satisfactory for purposes of comparison.’’ 



Fig-. 1.—Primary bronchogenic carcinoma oE tlie Iving. Follow-up study of 04 patients five to 

eleven years after pulmonary resection. 


Table III shows such a comparative follow-up of the lobectomies and 
pneumonectomies. Of 21 patients upon whom lobectomy was performed at 
least three years ago, 15, or 71.4 per cent, umre alive at the end of the three- 
year period. Of 123 patients having a pneumonectomy, 20, or 16.3 per cent, 
were alive at the end of three years. The reason why the three-year follow-up 
on lobectomies appears better than the one-year follow-up is that most of the 
patients in the eaidy period were patients with a peripheral, coin, or survey 
type lesion with a relatively good prognostic outlook, whereas later many 
patients were included with poor cardiorespiratory function in whom lobec¬ 
tomy Avas a compromise operation. 


Table III. Resections From January 1, 1942 to January 1, 1953 



NUMBER 

RESECTED 

NUMBER ALIVE 3 YEARS POSTOPERATIVE 

Lobectomy 

21 

15—71.4% 

Pneumonectomy 


20—16.3% 


Total 


Of course a comparison of follow-up statistics on pneumonectomy and 
lobectomy patients is in itself rather meaningless, since many more patients 
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■with a good piognosis -nill bo included in the lobcetoniy than m the pneumo 
nectomy gionp, and the survival rate is bound to be bettei by virtue of this 
selection It has been aigned® that suiviial latcs noiild be better in even the 
group of patients with small peiiphcial lesions if they Mere treated by piieu 
moiieotoinj lathci than lobectomy The only nay to conclusively ansiiei this 
question ivould bo to eoiiduet the impossible evperiiiient of paiiing a laige 
iiumbei of patients with similai lesions, and doing lobeotoiiJy on one and 
pnciniionectoiii} on the othei, and since this cvpeiiment cannot be peifoiiiied 
wo must diaw conclusions fioni othei methods of study One such method is 
to collect the consideied opinions of suigcons ivho aie tieating patients iiith 
caicinoma of the lung, and this no haic attempted to do by means of a ques 
tioiinaiie, which is lepioduced in Table IV 

Tabie IV Thf QuestionsA iKE 

1 Do you perform lobectomy for eircmomn of the lung 
a For a primary carciuomaf 
1) For metastatic carcinoma? 

2 If so, do use lobeetomj 
a As an operation of choice under certain 

conditions? 

b Only in cases in uluch there is some 
contraindication to pneumoncctomj ? 

3 Gi\en the indications wJuch you consider uould 
make tlio operation one of choice, is it your c\ 
penonce that it offers the patient as good a 
chance for long term sunival as docs pneumo 
nectomj? 

Further comments 


Yes- - No— - 
"ics-_■ No— _ 

Yes— w No — 
"ies — No- - 

les- — No— - 


lu making up the qucstionnauc which was sent to the suigeon membejs 
of the Association, mg attempted to gain ceitain infoimatioii legaicling 
present day piacticc m the use of lobectomy in the tieatment of cancer of 
the lung We tMshed to find out (1) to \ihat extent lobcctomj is being used 
in treating pulmonaiy caicinoma, (2) undci tihat circumstances it is being 
used, foi example, as an opciation of choice, as a compiomise operation in 
patients with pooi cardioicspuatory function, oi as a pinelj palhatne pio 
ceduro, and (3) whethei it has had sufficient use to enable thoiacic suigcons 
to form an opinion as to its efficacy as a cuiatne piocecliue in ti eating cai 
einoma of the lung In addition, mc hoped that we might obtain fuithei ex 
picssion of opinion on the subject, and theicfoic added an uniting “fuithei 
comment" column to oui questionnaire Wc ha\e been ^oiy gratified by the 
1 espouse of the membeis of the Association, not only in the number of answeis 
we ha\e leeened (318 out of 400 sent out), but e\en moie so by the high pio 
poition of suigcons who made additional comments (20S, oi 6& 4 poi cent of 
the 304 usable letuins) 


Table V TabuiaAtiov op Answehs to Question vatre 


1 

1 V 1 

IB 1 

2A 1 

2 B 

1 {—rrj* CENT 

No 

20 





le*} 

282 





Qualified yes 

0 





Unanswered 

2 





Total 

304 

304 


304 

304—100 
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ANALYSTS OP REPLIES (Table V) 

1. Extent of use of lobectomy in treating pulmonary carcinoma. 

A. Mctastahc carcinoma: Two lunidred and seventy-nine, or 91.8 per 
cent, of those answeiing the questionnaire resect solitary metastatic pul¬ 
monary lesions. The extent of the re.scction is kept as small as possible, and 
may be a subsegment, segment, or a lobe. 

B. Primary carcinoma of ilie Ivng: Two hundred and eighty-two, or 92.8 
per cent, use lobectomy in treating primary carcinoma of the lung, 

2. Under what conditions is it used? 

A. As an operation of ciioice: Two hundred and thirty-six, or 77.6 per 
cent, perform lobectomy as an operation of choice under circumstances of 
their own choosing. Thirty-nine, or 12.8 per cent, do not use it as an opera¬ 
tion of choice, and 9.6 per cent did not answer the question. 


B. A5 a compromise operation: One himdred and twenty-three, or 40.5 
per cent, said they use it only when there is some contraindication to pneumo¬ 
nectomy. There is some discrepancy here, since 77.6 per cent had said they 
use it as an operation of choice, but it is apparent from the comments made 
that the 77.6 per cent was made that large by some who referred to its use in 
metastatic carcinoma, and the 40.5 per cent who answered yes to B, were re¬ 
ferring to its use only in primaiy carcinoma. It would appear tlien, that 
about 60 per cent of those who make use of lobectomy in treating primary car¬ 
cinoma of the lung, use it as an operation of choice, and 40 per cent use it 
only as a compromise operation in patients they do not consider suitable for 
pneumonectomy. 

3. Has it had sufficient use to enable thoracic surgeons to form an opinion 
as to its efficacy? We were somewhat surprised that only 52 surgeons, or 17.1 
per cent, were of the belief that they had not had sufficient experience to 
justify an opinion on this question. The question asked was “Given con¬ 
ditions which you consider make the operation one of choice, is it your ex¬ 
perience that it offers the patient as good a chance for long-term survival as 
does pneumonectomy?” One hundred and seventy-three, or 56.9 per cent, 
answered yes. An additional 25, or 8.2 per cent, answered yes ivith reserva¬ 
tions, chiefly concerning the small number of cases they had seen. Fifty-four, 
or 17.8 per cent, answered no. So, of the 227 surgeons who expressed an un¬ 
qualified opinion, 76 per cent, or better than 3 out of 4, believe that in prop¬ 
erly selected patients, a lobectomy offers as good a chance for long-term 


survival as does a pneumonectomy. 

The comments made in the replies to the questionnaire varied consider¬ 
ably, both as to context and as to extent; and they make very interesting 
reading. To a large degree they had to do with the indications for the se¬ 
lection of patients for lobectomy, the poor over-all experience in attempting 
to cure pulmonary carcinoma, the use of other means (radiation or chemical; 
in conjunction with resection, or the reasons why lobectomy is, is not a 
satisfactory method of attacking primary carcinoma of the lung. Of the 
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who made some comment, 81 specifically listed poor caidioiespiratoiy fiine 
tion, age, oi othei factoi s ii Inch make the patient a pooi i isk foi pneumonec¬ 
tomy, as an indication foi lobeetomj Seventy eight listed a small, circum- 
seiibed, peripheral lesion as an indication foi lobectomy, and 31 of these in 
eluded negative lymph nodes among the ciiteiia Six even iient so far as to 
say that they consider lobectomy the opct ation of choice u henei ei it is ana 
tomically feasible Tii enty five mentioned palliation as an indication foi lo 
bectomy Theie were some othei specific indications, such as the cell tjTie and 
the lobulai location of the lesion Twenty tliiee gaie laiioiis leasons iihy 
pneumonectomy is a supeiioi opeiation in all cases, and of these only 3 men 
tioned specifically the Brock type lympho pulmonary lesection^ as the ideal 
pioeediiie 

DISCUSSION 

The success or failuie of siiigieal lescctioii in eiiiing carcinoma is dctei 
mined by whether or not extension has oceiiiied into tissues other than those 
iGsected In the case of carcinoma of the lung, diieot extension can usually 
be determined at the time of suigeij Ljmphatio extension maj oi may not 
be deteimined Blood stieam extension oi bionchogeiiic spread is not ap 
parent until symptoms oi signs of it appeal Fnctois, such as the lato of 
growth of the tmnoi, cell type, Ijmphatic blockage, ehance, and others, aie 
impoitant in determining uhethei extension oeorirs eaih or late but once 
siiigery is completed the die is cast Because time is aliiays imoh ed in direct 
or lymphatic extension, it has been accepted as good siiigical practice to 
make a wide leseotion of caieiiioiiiatous tissue (including en bloc resection of 
its lymphatics) in oidci to remoic inj mieioscopio extension of malignant 
cells into adjacent tissue oi lyiniih channels Those vho adiocate complete 
pneumonectomy with widespread lymph node icsection aie tijing to apply to 
the lung the same technique as is applied, let ns sax, to eaicinonia of the 
breast But the lung differs quite iiiaikedlj, aiiatomieallx, from the breast, 
paiticiilaily as regaids Ixmphatic drainage The question of direct extension 
into adjacent tissues oi along the iiivohed bionchiis can usually be quickly 
settled by the surgeon oi the pathologist at the time of siiigeiy But because 
of the xndespiead intei communication of the lymph channels fiom the txvo 
lungs, it IS questionable xibethel a xndespiead lemoxal of the Ijmphatics fiom 
only one side of the mediastinum is xx oi thxx hile Roiixicie in his classical de 
scnption of the Ijmphatics of the lung" had this to sax, ‘ Nodes of the tra 
cheal bifiiication fonn a ciossioad xxheie Ixanphatic xessels xxliich issue from 
the diaphiagm, the heart, the caidia, the esophagus, the infciioi pait of the 
tiachea, the bronchi and the lungs meet diicctlj oi bx means of Ijmphoid 
relajs ” Others have confirmed his findings* The normal diainage from 
the left loxxei lobe is into the glands of the light iippei mediastinum, and xve 
are sure that most of us haxo seen patients in xxhoni, following lesection of a 
carcinoma of the left loxxer lobe, the earliest manifestation of reeuirence has 
been in the glands of the right iippci mediastinum This factor of Ijmphatic 
intei comniiiiiication, together xnth its ineieased morbiditj and mortalitj 
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latcs, has apparently prevented any large number of thorao.ic surgeons from 
adopting the so-called radical pneumonectomy as a routine procedure. Based 
upon comments made in replies to our quc.stionnaire, it is apparent that a not 
insignificant number of surgeons have adopted the practice of doing a local 
resection of the lesion, whether that requires lobectomy or pneumonectomy, 
and then depending upon radiation or chemical means to treat any involved 
Ijnnph nodes. 

SUMJIARY AND CONCLUSIONS 

1. For the past six years in a selected group of patients, we have been 
making increasing use of lobectomy in our surgical attack upon primary car¬ 
cinoma of the lung. Our experience to date has led us to be satisfied to con¬ 
tinue this policy. Of 123 patients treated by pneumonectomy, the three-year 
survival has been 16.3 per cent, and of 21 lobectomies, the three-year survival 
has been 71.4 per cent. 

2. A survey has been conducted among the surgeon members of The 
American Association for Thoracic Surgery to determine to what extent and 
under what conditions they are using lobectomy in treating patients with 
carcinoma of the lung. The results of that survey show that of 318 replying, 

(1) 91.8 per cent rise lobectomy in treating metastatic pulmonary carcinoma, 

(2) 92.8 per cent use lobectomy in treating pilmary pulmonary carcinoma. 
About 60 per cent use it as an operation of choice in treating primary car¬ 
cinoma of the lung. Forty ])er cent use it only as a compromise measure in 
patients whom they feel would not tolerate a pneumonectoiu}'. (3) Of the 
318 who replied, 227 surgeons believe that they have sufbeient experience 
with lobectomy to bo able to otfer an unqixalified opinion regarding its efficacy. 
Seventy-six per cent (56.9 per cent of the total replying) believe it offers as 
good a chance for long-term survival as does pneumonectomy, and onlj^ 24 
per cent (17.8 per cent of the total) do not. 

3. Based upon the replies to the questionnaire distributed to members of 
the Association for Thoracic Surgery, as well as upon our own experience, we 
suggest the following as a guide in the selection of patients with primary car¬ 
cinoma of the lung to be treated by lobectomy. 

A. As an operation of, choice. A peripheral lesion located well away from 
the fissures or ad.iacent lobes, with a satisfactory proximal length of unin¬ 
volved bronchus, and with no apparent extension to adjacent tissues, nor to 
the peribronchial, hilar, or mediastinal lymph nodes. 

B. As a compromise operation. In patients whose lesion does not satisfy 
the above conditions, but whose cardiorespiratory or other clinical condition 
makes them unsatisfactory subjects for total pneumonectomy. 

0. As a palliative operation. In patients who, at the time of operation, 
are found to have a lesion which obviously cannot be completely eradicated 
surgically, but in xvhom a clinical appraisal has indicated that such symptoms 
as hemoptysis, cough, or infection can be controlled better by lobectomy than 
by nonsurgical means. 
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COMMON FACTORS IN LUNG CANCER SURVIVORS 

R. n. OvERHOLT, M.D./^ AND James A. BOUGAS, M.D./^* (by invitation) 

Boston, Mass. 

E ach year more long-term lung cancer survivors are recorded. Significant 
numbers from a single institution have not been reported, however. A 
recent review of eases seen in our clinic has made possible a search for com¬ 
mon factors in five-year survivors. Information gained from the study has 
aided the simplification of management procedure. 

Records of 101 three-year survivors Avere surveyed. Fifty-five of these 
cases lived more than five years after pulmonary resection. None of the five- 
year survivors presented evidence of cancer recurrence. Thirty-three are 
alive noAV more than five years, and 17 are living now more tlian ten years. 
The remaining 5 died of other causes, from five to tliirleen years after surgery. 
All Avere treated in the nineteen-year period from June 1932, to IMay, 1951.t 


Table I. Primary Pulmonary Carcinoma 
JUNE, 1932 —MAY, 1951 


ProA'cd liistologieally 

733* 


Explored 

457 

(62%) 

Pesccted 

2G1 

(37%) 

Operative mortality 

5C 

(12%) 


•44 Adenomas excluded. 


In this study, age and sex AA’^ere not important factors as to survival. The 
patients in this group Avere slightly younger than the other cases seen during 
the same period, but age distributions Avere similar in the tAVo groups (Table 11)• 


Table II. Primary Pulmonary Carcinoma 
JUNE, 1932 —MAY, 1951 


AGE 

FIVE-YEAR SURVIVORS (55) 
(PERCENT) 

ALL OTHERS (678) 

(PER CENT) 

Under 40 

7 

- - g 

40-49 

23 

20 

50-59 

42 

40 

60-69 

26 

30 

70 and over 

2 

5 


Read at the Thirty-sixth Annual Meeting of The American Association for Thoracic 
Surgery at Miami Beach, Fla., May 7 to 9, 195G. 

•Director, Overholt Thoracic Clinic and Thoracic Surgeon, New England Deaconess 
Hospital, Boston, Mass. 

••Thoracic Surgeon. New England Deaconess Hospital, Boston, Mass. 

tDurlng this period, 733 cases of histologically verined lung cancers were observed. (Taoe 
I.) Of those G78 Avho did not survive five years, 402 were explored. ^sections a d 

54 had radiotherapy. Sixty-seven of the resections were performed^ with hope of cure^ 

rates of adenoma and cancer are shown. 
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The youngest five-year survivor was 2-1 years of age at the time of surgery, and 
the oldest was 70. In both groups there were seven times as many men as women 
(Table III). 


Table III. PRiMAnv PoLMOsAnv Caecinoma 
JUNE, 1932—JTAi-, 1951 



I PIVE-YEAR SURVIVORS (55) 

ALL OTHERS 

SEX 

j (PERCENT) 

(PERCENT) 

Male 

87 

87 

Female 

13 

13 


SURVIVAL 



ADENOMAS 

44 


LOCALIZED CA. 
102 


POS. MX.N. 
66 


GROSS EXT. 
95 


472 


Symptoms in those who survived five or more years were not distinctive. 
Cough, hemoptysis, chest pain, and symiitoms of respiratory infection were 
the most common initial manifestations (Table IV). At the time of resection. 


Table IV, Fifty-Five Pive-Yeak Survivors (Sy.mitoms) 


INITIAL 

1 SYMPTOMS 1 

AT DIAGNOSIS 

26 



7 

Cough 

40 

7 

Hemoptysis 

23 

7 

Chest pain 

15 

7 

Respiratory infection 

12 

6 

Systemic 

14 

3 

Dyspnea 

■Wheeze 

5 


all but 5 of the 55 patients had pulmonaiy symptoms. In addition, 13 had 
systemic symptoms of weight loss, anorexia, malaise, or fatigue. One patient 
had fatigue as his sole complaint. Seven of the survivors had only x-ray evi¬ 
dence (survey). Some of these developed significant symptoms by the time 
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they were presented for surgery. Only 18 of the 55 patients had objective 
signs in the chest. Findings included diminished breath sounds, wheeze, 
bronchial breathing, and dullness to percussion. 

Preoperative histologic verification of the diagnosis was possible in only 
24 cases. Bronchoscopic biopsy was obtained in thirteen of 48 procedures 
(27 per cent; Table V). Cytology revealed malignant cells in 15 of 27 eases 
(56 per cent; Table VI). Positive findings in cither or both of tlicsc tests 
were not a common denominator in patients successfully treated. 


Tablk V. FiKTv-FivE Five-Year Survivors 

BRONCHOSCOPIC VERIFICATION 


Total procedure 

48* 


Biojisy positive 

13 


Tumor seen onlj' 

0 


Negative 

29 


®No bronchoscopic notation in 7 ca.scs. 



Table VI. Fifty-Five Five-Year .Survivors (1940-1951) 

verification through 

cytology 


Cases examined 

2 


Positive for tumor 

15 

(56%) 

Atypical 

8 

(30%) 

Negative 

4 

(14%) 


There was nothing unusual about the pattern of tumor sites in this group. 
Right lungs were involved in 31 cases and left lungs in 24. Upper lobes were 
the site in 30 cases; lower and middle lobes in 19. Si.v tumors involved 
main-stem bronchi. Twenty-four were located centrally in the bronchial tree 
and twenty-eight were peripheral to main lobar bronchi. It was impossible to 
determine the exact point of origin in 3 casc.s. 

More than one third of the five-year .survivors were treated after the 
tumor had extended to mediastinal lymph nodes, chest wall, or pulmonary 
vein (Table VII). Therefore, the finding of spread beyond the confines of the 
lung was not a common factor limiting survival.^ 


Tabi.e VII. Primary Pulmonary Carcinojia 
JUNE, 1932 


EXTENT OF TUMOR RESECTED 

FIVE-YEAR SURWVOnS 
(55) 

ALL others 
(206) 

Localized to lung 

Mediastinal lymph node involvement 
Gross extension 

35 (64%) 

16 (29%) 

4 (7%) 

67 

50 

89 

(33%) 

(24%) 

(43%) 

Tabpe VIII. Prisiary Pulmonary Carcinoma 

JUNE, 1932—may, 1951 

EXTENT I 

CASES 1 

five-year SURVIVORS 

Localized to lung 

Mediastinal lymph node involvement 

Gross extension 

Total 

102 

66 

93 

261 

35 

16 

4 

55 

(34%) 

(24%) 

( 4%) 


Table VIII). 
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Patients ivlio siimved moie than fi\e years following lesection had no 
common denominatoi in histologic pattern The speotiiim of cancel type 
in the sill in 01 gioiip iias similai to that in all otliei cases diagnosed con- 
eiiiientlj (Table IX) Thiity eight of the cancels excised aie lecoided as 
opideinioid, and tliiiteen of these aie listed as giade 3—the most malignant 
of epideimoid tjpe Adenocaieinoinas totaled nine, tivo iieie iiell diffeieiiti- 
ated, tluee iveio of simplex type (pooily diffeientiated adenocaieinoma), and 
font iveie bioncliiolai adenocaieinomas The lemaimng eight cancels neie 
undiffeientiated, five iveie of a large cell type and thiee had some foci of 
epidermoid and simplex tiimoi 


Table IX Ppimapi Polmonaka Parcixoma 
JURE, 1932 —MAP, lOSl 


HisTOLoar 

1 FIVE \EAr SURVI\ORS {5o) 

i ALL OTIIEPS 

CLASSIFIED (4S0) 

Epidermoid 

38 (69% 

290 

(60%) 

Adenocarcinoma 

9 (10%) 

130 

(27%) 

Undifferentiated 

8 (15%) 

66 

(13%) 


COMMOV DENOAIISJATORS 

Chest xiaj abiioimalitj stood out clcarlj ns the fiist common doiiom- 
iiiatoi among the fiiejcai cases E\oiy patient had an abnoimal shadoM 
on the chest film The shadows appealed as lounded aieas, segmental opacifi¬ 
cations, and iiiegulai densities—some iMth contial iadioliicenej (Table X) 


Table X Fifti Fiie Five 1 ear Sormiops 

X RAl APPEAPXHCE 


Rounded areas 

33* 

Uensitj iMth central radiolucence 

4 

Irregular infiltrate 

Ilf 

Segmental or lobar opacity 

7 


•Six ^Mth 'iddecl segmental or lobar opacitj 
tone ^\ith emphyseim one with segmental opacity 


Although distuibecl lung stiucturcs ucic demonstiatecl by \ la-v, the diagnosis 
lomamed in doubt This doubt, in maii> cases, contiibutcd imteiiallv to the 
dila;^ in treatment 

The a%eiage delay fiom initial manifestation to diagnosis -was 6 7 months 
in cases who siuvned fi%e jeais In all otheis seen duiing the same peiiod, 
the delaj i\as 112 months (Table XI) Of the 7 cases disco\cicd bj suncj 
chest \ iJiy, 3 had moxe than foiu months* delaj pnoi to tieatment (Table XII) 


T\UL1 XI PriMAF\ Pl7LM0VAr\ Cafcinova (Junf, 1932— JlA\, 1951) 
A\ ERAGE DELA\ 


IMTUL MAMFEST\TION TO 

DIAGNOSIS (MONTHS) 

— 

11 2 
11 5 


Fi\ c % ear survn ors 
All others 
AU other rejections 







512 


OVEEIIOLT AND BOUGAS 


J. Thoracic Surg. 
October^ 1956 


Table XII. Seven Survey-Discovered Dive-Year Survivors 
DELAY TO treatment 


4 
1 
2 ^ 

♦Both were localized bronchiolar adenocarcinomas. 


Less than 3 montlis 
Pivo months 
More tlian one year 


CASES 

% 



1932-1940 1941-1945 1946-1950 1961-1955 
NO. CASES 99 210 374 653 


Fig. 2. 



Fig. 3. 


The second common denominator was that exploratory thoracotomy was 
Lployed to determine the true nature and extent of the shadow-producing 
ion. In over one half of the cases, thoracotomy was the only method whic 
ovided material for histologic diagnosis. 
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The third, and last, common denominator was the application of surgical 
excision. Among cases treated by x-ray or chemotherapy, alone or in com¬ 
bination, there were no five-year survivors. Pneumonectomy with mediastinal 

JUNE 1932-APR, 1953 



Fie. 4. 


RESECTION WITH HOPE OF CURE 



FiE 5. 

lymph node resection was performed in 51 cases. In one patient wif 
epidermoid cancer, a block resection of chest wall (threc-rib segment 
was combined with a left upper lobectomy. One with carcinoma simplex b- 
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a tivo-rib segment of tlie chest -wall resected ■^^•itll the right upper Jobe. In one. 
a loft lo-wer lobectomy -was performed for bronchiolar adenocarcinoma. The 
fourth case, who was treated by less than total pneumonectomy, had a strictly 
circumscribed mass in the left upper lobe with all nodes negative. A total 
biopsy was obtained by apicoposterior segmentoetomy. On frozen section, 
only inflammatory reaction was found. Subsequent pathologic examination 
revealed a small, localized, \nidifferentiated large-eell carcinoma in the wall 
of an abscess. Ee-oporation for a more liberal resection was advised but 
was refused. 

M.VKAGEUEKT 

No common factors for survival appear in study of tumor and host char¬ 
acteristics. On the other hand, all common denominators pertain to ease 



1 


j-jc-, 6.—Mrs. S. Xr. R,, 53 years of age. In the patient -with an abnormal. isoltUed, 
peripheral x-rav shadow, management should proceed directly from x-ray evidence to expiora- 
torv thoracotomv. Bronchoscopy can he done immediately prior to insertion o£ the enao- 
traclieal tube for induction of anestliesia. Tliis assmiptomatic patient had pneunionMton^ m 
December. 1949, following thoracotomy, biopsy, and a diagnosis of adenocarcinoma, xsow, 
over six years later, she is well and actiie. 


management. A simplified and more direct approach to individual prob¬ 
lems has become possible as evidence has accumnlated to indicate that x-ray. 
exploration, and resection are the only universal requirements for proper 
diagnosis and successful therapy of lung cancer. 

An abnormal x-ray shadow is often the only evidence of the potential 
existence of cancer. The persistence of the discovery shadow should be veri¬ 
fied by adequate, prompt radiologic study. Extended serial x-ray studies 
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unneoessarily add to delay and the dangers of tumor spread. Furthermore, 
negative bronchoscopy and cytology do not rule out the presence of cancer. 
The decision to explore should he made on the basis of an abnormal x-ray 
shadow alone. If peripheral metastases, precarious general condition, or 
associated disease do not contraindicate, exploration should be undertaken 
In our clinic, bionchoscopy is performed immediately prior to the insertion 
of the intratracheal tube which is employed to administer the anesthetic for 
exploration. 




Fig" 7 —Mr A. A , 42 >eais of age In the patient •with a large, ahnormal x-ray eliado^; 
separated from the mediastinum by a clear area the decision for e'cploratory thoracotomy 
enn be made on the basis of the x-ray evidence Bronchoscopy serves to determine the extent 
of intraluminal bronchial involvement and can be clone Immediately preceding anesUiesia 
induction This patient had a pneumonectomy in February, 1946, for epldermolcl carcinoma, 
grade 2 He is all%e and well now o\er ten years later 


The piincipal function of bionchoscopy in pulmomuy cancer is to deter¬ 
mine the integiity of the bionchial system to the sound lung. Occasional 
patients, uho have clinical or x-iay evidence of mediastinal involvement, re¬ 
quire bronchoscopic examination puor to decision for thoracotomy. 

Exploratory thoracotomy gives access for liistologio verification and for 
determination of tumor extent. All lymph nodes arc leseoted with the dis¬ 
section originating at the upper and lower limits of the mediastinum. If the 
lymph nodes are negative, a total biopsy is obtained by subsogmental, seg¬ 
mental, or lobar resection. 

Safer lesection is tlie result, to a significant degiee, of eailier explora¬ 
tion. Througli the jeais, as the exploration and resection rates have risen 
(Fig. 2), the moitality and moihidity have declined (Fig. 3). Most thoracic 
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surgeons have elected to employ radical pneumonectomy with or without ex¬ 
tensive mediastinal Ijunidi node dissection. However, in recent years, there 
has been increasing interest in lobectomy for selected cases. In our’clinic, 
as the years have advanced, we have extended the completeness of lymph 
structure removal and have been more conservative of ipsilateral pulmonary 
lobes. There has been general agreement for limiting the resection to a lobe 
in the patient with low pulmonary reserve. Salvage studies suggest that other 
situations may call for limited resection. Lobectomy, if technically possible. 









i 


I 


J 

Fig. 8.—Mr. M. L., 60 years of age. TVlien the abnormal x-ray shadow is in close 
proximity to the hilar region, bionchoscopy is necessary for evaluation of the bronchus to tne 
sound lung. Since tlie feasibility of resection depends on the bronchoscopic nnaings. tne 
decision for thoracotomy should await tiie results of bronchoscopy. In addition, supraclavicular 
lymph node biopsy can be of assistance. This patient’s bronchoscopy permitted only yis^i 
examination of a tumor in the left upper lobe bronchus. On Oct. IG, 194 S, a pneumonectomy 
was performed to excise an epidermoid carcinoma, grade 1, with metastases to two of twentj- 
seven lymph nodes. Tlie patient is alive and well seven years later. 


may provide better palliation than pneumonectomy when tumor must be left 
behind in vertebra, great vessels, heart, or contralateral mediastinum. In lim¬ 
ited peripheral and “coin” type lesions with negative lymph nodes, a lobec¬ 
tomy will be Just as all inclusive of the primary site as total pneumonectomy. 
Finally, in localized bronchiolar types, which include papillary adenocar¬ 
cinoma and alveolar-cell tumors, lobectomy is clearly indicated because of 
their multicentric tendency. The site of subsequent origins cannot be pre¬ 
determined. The next lesion may develop in the contralateral lung. 

Three-year survival in 45 patients who underwent lobectomy between 
1932 and 1953 has paraUeled three-year survival of pneumonectomy patients 
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treated during the same period (Fig. 4). Since three-year survival following 
resection for lung cancer is almost as helpful ijrognostically as the five-year 
follow-up, the shorter period may be used as an effective indicator of therapeu¬ 
tic efficiency. 

Comparison of three-year salvage of patients with localized lung cancer 
excised since January, 1950, with three-year salvage prior to that time, in 
the same type of ease, gives substance to the feeling that definite progress is 
being made in surgical treatment (Pig. 5). 

SmiMARY 

No common factors for sunival appear in the study of tumor and host 
characteristics. The few common denominators pertain to ease management. 
There are but three: 

1. All had chest films which revealed abnormal areas of density. 

2. All required surgical exploration to determine the true nature of the 
shadow-producing lesion. 

3. All were treated by excision of the cancer-bearing lung. Significant 
progress has been made in the prolongation of life for lung eanoer victims. 
While we wait for the discovciy of the cause and methods of prevention, 
further improvement in the salvage of victims is important. The focus of 
the management program should be on three ingredients essential for suo- 
oess: discovery (x-ray), verification (exploration), therapy (excision). 

Discussion 

DE. 'W. EMORY BURNETT, Philadelphia, Pa,—I ant to thank tlie essayists for 
bringing us up to date on this still very important subject, and to add a few comments 
■which corroborate to some degree what they have to say. Although at first, at the Temple 
University Hospital, we did lobectomy for cancer of the lung only as a compromise with 
risk, we were impressed by the marked conservation of function that occurred in these 
patients, and also by the apparent salvage. This lower mortality gave a great man^' more 
people a chance to survive a longer period. This was further bolstered by comments that 
have already been referred to, side remarks concerning lobectomy as a guilt-producing 
sort of procedure and, of course, the paper by Br. Churchill which discussed radical lobec¬ 
tomy gave further support to the idea. Consequently, we have recently applied the rules 
of application which were outlined by Drs. Robinson and Jones, and found to our surprise 
that, in the more recent group of 362 cancer patients seen by us between 1948 and 1954, 
we had done 2-1 per cent of our resections as lobectomies with mediastinal dissection. 
Naturally, that is easier to do and more thoroughly accomplished from the right side than 
tho left, but even the left side was dissected as far as possible. Of the five-year sur¬ 
vivors of resection done in 1948, it was interesting that, out of 10 such patients, 3 of them 
had lobectomies; a .‘imall group but still of interest. In the earlier group, from 1936 to 
1947, ■when we had considered and screened 429 patients for operability, pneumonectomy 
was done almost exclusively but there still ■was an occasional lobectomy. The five-year 
cures in that group were 4.2 per cent of the entire group considered but 32 per cent of 
the operated survivors; 24 per cent of these have lived more than five yeans, from six 
to fourteen years. It appears, then, from our data, that a tremendous majority of recur¬ 
rences appear in the first two years postoperatively, and that those who pass that mark 
have about 70 per cent chance of reaching the five-year period. Second, that tho pa¬ 
tients without lymph node involvement have twice as good a chance to reach the five-year 
survival as do those with node involvement. But it was interesting that about one 
third of our five-year survivors did have Ijmph node involvement. 
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DR. CLAIR E. BASINGER, Grand Rapids, Mich.—Dr. Meade, Dr. Rasmussen, and 
I have recently reviewed our cases from 3948 to 1956. In 310 such cases studied, 54 pneu¬ 
monectomies were performed and 6, or 11 per cent, of these individuals arc still living at 
the end of three years. In compari-son with lohecto/nie.s, 31 were performed and 0 of these 
individuals, or 20 per cent, are living three year.s or more afterward. Sixty-five of these 
resections, including both pneumonectomies and lobectomies, have had careful pathologic 
study. There were 38 of these with glands involved, of whom only 7 individuals, or 11 
per cent, are still living. There were 27 without glandular involvement and there are 
still 20, or 31 per cent, of these individuals alive, 7 of them longer than three years. 

I think this is a very timely review of an important surgical problem and a fine 
selection of papers. 

DR. .JOSEPH A. WEINBERG, Long Beach, Calif.—Wc have heard two very fine 
papers. I would like particularly to direct my remarks to the paper of Drs. Robinson and 
•Tones. They have indicated that there is a great deal of confusion on the subject of in¬ 
dications for lobectomy in the treatment of cancer of the lung. In Taylor and Nathan- 
son’s excellent book on hmiph node metastases. Dr. Churchill is quoted as sajdng that the 
surgical treatment of carcinoma of the lung today is comparable to the treatment of 
carcinoma of the breast bj- simple mastectoni}- without consideration for lymphatic spread. 
What we know essentially about the surgical treatment of carcinoma in general is that it 
calls for the thorough removal of the local lesion, together with the accessible regional 
lymphatics. This principle of surgical treatment applies to carcinoma of the lung just 
as much as it does to carcinoma in other locations—carcinoma of the bowel and carcinoma 
of the breast, for example. 

It is true that there is much to be desired in the way of earlier diagnosis, but the 
possibilities of surgery have by no means been exhausted. As long ns the treatment 
remains surgical, our hopes for improvement lie in the direction of improving the lym¬ 
phatic dissection. We need not be greatly disturbed by the frequently mentioned fact 
that there are lymphatic cross-communications between the hemithorace.s, a fact that is 
frequently cited by those who take a defeatist attitude on the value of lymph node resec¬ 
tion, Actuall}’, it is not rare to find at autopsies on patients dying of bronchiogenic 
carcinoma that the lesion has remained confined to the hemithorax in which it originated. 

It is only by practicing thorough excision of the regional lymph nodes, together ■noth 
pulmonary resection, that wc can give the surgical treatment of pulmonary carcinoma the 
status of a cancer operation. Since the lymphatic dissection must necessarily be limited 
with lobectomy, this lesser procedure should be reserved for patients who are poorly suited 
for pneumoncctom 5 ' because of the handicap of poor respiratory function. 

DR. IRVING A. SAROT, New York, N. Y.—(This discussion was not returned. 
—^Editok.) 

DR. JAMES E. DAILEY, Houston, Texas.—I must confess that I too was guilty of 
doing lobectomies for carcinoma of the lung prior to 1950. Unfortunately, Dr. Robinson 
did not have the time to tell us his indications for these lobectomies so I would like to cite 
what I consider four indications or justifiable reasons for doing a lobectomy for car¬ 
cinoma. First, in patients with a low pulmonary reserve, such as older individuals with 
considerable emphysema; second, in the patient witli a small, isolated and peripherally lo¬ 
cated tumor nodule; a third indication would be a small, localized, bronchial carcinoma with 
local and hilar nodes apparently not involved with tumor; and fourth, the case where the 
thoracotomy has revealed extensive disease, grossly involved mediastinal nodes, or other 
structures and it is perfectly obvious that any' resection would only result in pa.lliation. 
This patient will surely die from distant metastases anyway, so there is no sense in sacri¬ 
ficing additional healthy lung. A local resection here may stave off or prevent a hornbJe 
excitus with vena caval obstruction, or at least it will abolish the distressing symptoms 
of cough and hemoptysis. With respect to node involvement, a frozen section biopsy wi 
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often be helpful in differentiating inflammatory stvelling from carcinoma Furthermore, 
I feel that in most cases it is technically just as feasible to remove practically all the 
local hilar and mediastinal glands yvith lobectomy as it is intli pneumonectomy 

(slide) In a sur\ey of 111 patients trith carcinoma operated upon between 1946 and 
including 1950, you see that 75 of these were resectable and 36 were nonrcsectable Of 
those resected, 16 are still aliye and well six to ten years after operation 

(slide) In the group of resections there were 16 lobectomies Four of these, or 
25 per cent, are still li\ing and well 

(slide) I haye illustrations of two cases of these lobectomies This ilrst one ob 
\iously cannot be classified ns an isolated tumor or ^*coin lesion The lover and middle 
lobes were removed in May, 1940, and he is completely veil to date 

(slide) This second individual was in his late GO^s and had what some might call 
a *‘coin lesion”—perhaps a “Texas dime ” 

(slide) A right lower lobectomy was performed on him in Alnrch, 1050, and he too 
shows no Signs of cancer today, more than six years later 

So one should not really be too pessimistic vnth respect to attempting partial resec 
tioiis for cancer e\en though it might seem that the disease is quite far ndyanced 

DR GABRIEL P SELEY, New York, N Y—I also have been practicing lobectomy 
for carcinoma of the lung in selected eases Hoyyeyer, ns a result of this experience I 
now feel very strongly that radical pnoumonectomy is the operation of choice for car 
cmoma of the lung Lobectomy should bo practiced onh if the patient cannot stand a 
pneumonectomy due to seyere pulmonary insufficiency Proper removal of the mediastinal 
lymphatics and nodes can be performed only with a pneumonectomy By careful study of 
the surgical specimen it has been found that nodes close to the lobar lulus are often 
involved, and yet the mediastinal nodes, mediastinal contents, and paratrachoal nodes have 
not as yet been invaded This indicates that a curative procedure can be done by pneu 
monectomy when a lobectomy would only bo palliative 

Nodes that appear normal can contain micro^scopic tumor colls ilorbuhty and mor 
tality figures should not be higher but, in fact, lower with pneumonectomy Last even a 
small lesion when situated near a fissure requires pneumonectomy or at least bilobectomy 
for proper local removal I think it would be wrong to revert to lobectomy for carcinoma 
of the lung unle^ss pneumonectomy is absolutely contraindicate! 

DR PAUL A JvIBSCHNER, New York, N Y—^I would lil e to continue the discus 
Sion on the value of lobectomy in carcinoma of the Jung Ye too hayo felt that it has a 
pnme place in the treatment of lung cancer, and at the Bronv Veterans Hospital our 
resident, Dr Hamilton, has uncovered the following pertinent information In an eight 
year period, through January 1, 1954, we have performed a total of 113 resections, 24 
lobectomies and 89 pneumonectomies There has beeu no operative mortality in the 
lobectomy group, as compared to 16 9 per cent in the pneumonectomv group One third of 
the lobectomy patients have survived at least two years, as compared with one quarter of 
the pneumonectomy patients Of particular interest is that in a study of autopsy material 
on patients who have undergone resection, 7 in the lobectomy and 20 in the pneumonec 
tomy group who have died at least three months following operation, the degree of local 
recurrence, which is a key factor in evaluating any cancer operation, was about the same, 
roughly 50 per cent Converselv, 40 per cent of each autopsy group (although the lobec 
tomy group is quite small) showed distant metastases without local recurrence 

We feel that lobectomy, properly applied, is as radical as pneumonectomv, and tins, 
combined with its inherent low operative mortality rato and unquestioned better fune 
tional results, commends it for continued use in tho surgery of cancer of the lung 

DR LAYRENCE if SHEFTS, San Antonio, Texas—Our survival rates depend verv 
definitely on our selection of patients to whom wo offer surgery This is especially true 
when results are given only on tho ones operated on and not on total cases seen Bo 
that as it may, the mam purpose (besides diagnostic) of many of our tests, such as «caleno 
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node biopsy, is to help us determine to which cases wo will offer surgerJ^ As many of the 
audience here are doing scalene node biopsy for this purpose, I feel that it is important 
to determine whether it is correct to refuse surgery to the patients with scalene nodes 
positive for cancer. Wo have, with the experience of over 320 scalene node biopsies for a 
large variety of lesions, been refusing surgery when the nodes were positive for carcinoma 
of the lung. I know, from talking with many, that this has also been in the main the 
general practice. I question whether this practice is a correct one in all cases. When we 
stop and. think of the cases shown here, some very probably had mediastinal node in¬ 
volvement and, knowing the mediastinum does not lend itself to block dissection, we may 
expect that some of the cases in these survival groups had, and may have, remaining 
mediastinal node involvement. In these cases the scalene nodes may well have been posi¬ 
tive for carcinoma. Therefore, possibly in refusing operation to some of these patients 
(particularly those with small isolated lesions) with positive scalene nodes, we may be 
acting incorrectly. Actuall}', in a sense, therefore, it would possibly be better not to use 
scalene node biopsies as a criterion of whether surgerj' should or should not be done. The 
use of a positive scalene node, in the aged or in instances of severe cardiorenal disease, 
to excuse our not operating is understandable and probably correct, but to use it as a 
blanket reason for refusing surgery may, though it gives one excellent survival rates, 
result in missing the few that might have been given prolongation of life. I doubt if any¬ 
one here, during exploration of a bronchiogenic carcinoma, decides not to do a resection 
merely because there is mediastinal node involvement. If it is technically resectable, it 
is resected. Yet we know from experience that a respectable percentage of such cases 
may well have positive scalene nodes. 

DE. RICHARD H. MEADE, Grand Rapids, klich.—The question has been asked: 
"Could you ask the authors if they ever performed resections if the biopsies were posi¬ 
tive?" I presume he means if you cannot feel the glands in the neck, doing just a routine 
scalene biopsy. 

DR. ROBINSON (Closing).—^I want to thank the discussants. I feel that our main 
)urpose in presenting this paper has been accomplished, namely, to make it clear that 
he members of this Association have accepted as a "respectable member of the family" 
obectomy for the surgical treatment of certain patients with carcinoma of the lung. 

DB. OVERHOLT (Closing).—In answer to the single question, I should say that we 
lave, in a few instances, elected to do a resection in the presence of positive cervical 
lodes. Two thirds of the lymph structures within the mediastinum are accessible at 
horacotomy. Cervical nodes are also within the surgical fleld. It is too early to know 
f it is possible to prolong lives by that method or not. 

As to lobectomy versus pneumonectomy, I wish to say that we may clarify and 
implify the surgical approach, but it is never wise to set hard-and-fast rules. So it is 
(dth the extent of the resection for cancer. It depends on circumstances presented by 
each case. 

I should like to show two slides which indicate our own experience with regard to 
lobectomy. We have gradually elected to limit the resection in more and more cases. The 
first slide gives the relative percentage of total resections to lobectomy in the period from 
1932 to 1950. Then, only 6 per cent of the resections were limited to the lobe. In the 
past five years, we have performed lobectomy in one third of all the cases. The next 
slide shows three-year salvage rates as to the extent of the resection. The over-all salvage 
by lobectomy was 27 per cent in contrast to 24 per cent for pneumonectomj^. The cases 
selected from the two groups are not comparable since the more extensive lesions required 
the more radical resection. The fact that a substantial number of cases of cancer of the 
lung, if properly selected, may be salvaged by a more limited resection, is heartening. 



TWO UNUSUAL CONGENITAL ANOMALIES OP THE THOEAX 
(1) SUPERNUMEBAEy KIBS AND (2) ABNORMAL INTRA- 
THORACIO FASCIAL BAND 
Review of Liter vtube 

John K Stetonson, M D , and K Almn Meeendino, M D 
Seattle, Wish 

A pproximately one pei cent of peisons have some variation fiom the 
L iioinial pattern of 12 pairs of thoracic iibs The majority of these will 
have extra ribs in either the cervical or Inmbai region These may be single 
(20 pel cent) oi paired (SO per cent) In the iinilateial minority thcj are more 
common on the left side (60 per cent) ’ ^ Bifid or foiked ribs are not raie and 
frequent reports appear in the hteratuie Not infrequently, one will find one 
side of the thorax vnth few ei than 12 ribs “ * 

Careful search of the literatuie revealed only two previous case reports of 
supeinumeraij thoracic ribs' ® No account was found in which the diaphragm 
was attached to these iibs Two case repoits weie found m which there were 
abnoimal intrathoiaeio muscle bundles or fascial bands ’’ ® 

To the surgeon or anatomist, minor congenital or developmental defects 
of the human body are common and aie usually accepted as normal species 
vairation Occasionally, one encounters a moie unusual variation oi anomaly 
which stimulates more than the usual mteiest or concern and, in the ease of 
suigery, lequires a change in opeiative approach oi surgical coriection Rarely 
does one encounter a variation fiom the normal vihich is completely unsus 
pected and not previously reported This report deals with two such instances 


cvsc reports 


Case 1 —R AT N, a 17 year old schoolgirl of American Indian and Irish evtraction, was 
referred to the Surgical Department of the King Countj Hospital luth a diagnosis of asjmpto 
raatic atelectasis of the lower lobe of the right lung There w-as a previous historj of pul 
monary tuberculosis on the right side for which she had been hospitalized for two 3 ears 
beginning at the ago of five 

She had been well and as3niptomatic until March, 1955, when she collapsed at school 
and was taken to her private ph 3 Sician for examination An x ra} of the chest showed a 
shadow of a solid opacit} on the right extending from the se\enth nb down in a triangular 
fashion from the hilus to the lateral edge of the diaphragm Further diagnostic studie**, 
completed at the Iving County Hospital, including bronchoscopy, bronchograms, and multiple 
roentgenograms of \arious \iews, failed to establish a firm diagnosis (Figs 1, 2, and ^) 
Throe “accessor) ” ribs on the nght at the level of the se% enth cor\ ical \ ertebra, and 
at the le^eI of the sixth and «eienth thoracic vertebrae, were demonstrated and it wns ftlt 
that the) had some bearing on the peculiar shadow in the roentgenograms It was suspected 
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Figr. 2. - 

1 a»a tte 

rorn^the^lwIParth^suxth^m^^ vertebra at the hilus to the base at the latera 

Fi^. 3.--Hight sY;i?h°Lnl%e\%n?rih"a^ci"c 

Ue^"a1-e'^s?e^“?“ape’l ortbe triangular density. 


Fig. 3. 
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tliat this shadow represented an extrapulmonic condition. In April, 1055, the patient was 
subjected to a right posterolateral exploratory thoracotomy with the following findings: 

Jlibs: The cervical rib on the right could not he palpated or demonstrated at the time of 
surgery. The accessoryrilre located at the level of the sixth and seventh thoracic vertebrae 
extended from their articulation on the vertebral column ventral and slightly caudal to the 
normal rib articulation. They extended doumward and ventrally for a distance of 8 and 11 
cm., respectively, and at their termination projected into the thoracic cavity, a distance of 
1.5 and 2 cm. beyond the normal wall contour. Their exposed surfaces were covered normally 
with parietal pleura. 

DiajJhragm: There nas attachment of the diaphragm to the medioventral surfaces of 
the previously described ‘^accessory’* ribs at the level of the sixth and seventh thoracic verte* 
brae at the vertebral column. From this attachment it extended doumnard and outward in 
the form of half a cone to a normal peripheral attachment at the base. It uas assumed that 
this abnormal tenting^* of the diaphragm accounted for the abnormal xray findings pre¬ 
viously described (Fig. 4). 



lunj8.—Tlrere -was no abnomalit,- found wcept for indentation at thg posteromi^^’ 
surface of the right iower lobe to uccommodate the diaphragmatic “tent.” 

A small incision in the diaphragm established the relatively normal relatiousUP f 
the^ liver beloiv. The phrenic nerve on this side entered the diaphragm adjaewt to 
porieardm! attachment but more dorsal and cephalad due to the elevation, as 

the patient returned to the hospital OT-'d 

hoL ortT nil recovery. The patient iras diooMrgoi 

homo on the eighth postoperative daj-. 

to that had been taken in J9« were poor- 

x-Z's. essentially the same findings as were seen on ■ 
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Co7nmcnf. The combination of the related anomalous development of the 
ribs and diaphragm might be explained as follows ; 

At the stage of development of the embryo, when the cephalad and caudad 
halves of adjacent sclerotomes unite in new combinations to form the primordia 
of the definitive vertebras, the ventral processes extend laterally into the 
thoracic wall, giving rise to the pi’imitive ribs. Failure of the component halves 
of the ventral process of the embryo A'^ertebras to imite as its dorsal process 
does, Avould result in two projections extending laterally in that particular 
space giving rise to two ribs. The dorsal or neural process develops peduncular, 
transverse, anterior and posterior articular and laminar processes. At this 
stage, the transA'ei'se process lies at a considerable distaiice from its correspond¬ 
ing rib. The dcA'eloping z-ibs meet the ozztgrowing traizsverse process, form 
joints and are invested with their ligaments. Thus, the formation of a twinned 
rib bud as just described allows two I'ibs to articulate Avith one transverse 
process and A’-ertebi-al body.®' 

Concurrently, begimiing at the level of the highest occipital sclerotome, the 
septum transA''ex’Sum is undergoing its extensive caudal migration as a result 
of a faster forAvard growth of the dorsal bodj’’ Avhich leaves the A'entral struc¬ 
tures behind. The commoir cardinal A'^eins, oiz their Avay to the heart, curve 
arouizd the bilateral pleural canals laterally in the soznatic body Avail. As these 
veins shift toward the midline, they eariy out a mesenteiy-like fold, the pleural 
pericardial membrane, from the pulmonary ridge. Opposite the fozirth cerAUcal 
vertebra, the septum transversum z’eceives the phrenic nerve by Avay of the 
pleural pericardial membrane. During this descent the lungs begin to develop 
in the pulmonary ridge and soon bulge into the bilateral pleural canals. At 
first there is only a shalloAv, nai'roAv space betAveen the pulmonary ridge located 
eranially and a dorsal-lateral extension of the caudal portion of the septuzn 
transversum. When the lung can expand caudad or laterally only by invading 
the adjoining body AAmll, this small space is enlarged, foi'ming the pleural-peri¬ 
toneal component of the diaphragm bilaterally by draAving out a shelf of tissue 
from the caudal portion of the pulmonary ridge, GroAvth of the lung and 
shifting of the Ihmr and common cardinal Amins create more room betAveen 
these pleural boundaries. Continued expansion of the pleural cavities pro¬ 
gressively increases the area of this membrane, pulling Avith it a component 
or extension of the somatic body u'all.^^ It is likely that the anomalous attach¬ 
ment of the diaphragm to "accessory" ribs described can be accounted for by 
failure of release of the descending dorsal portion from the body Avail. 

When the diaphragm reaches its final location during the second month, 
the ventral attachment of septum transversum is at the level of the first lumbar 
segment. With the dorsal medial component (the pleuroperitoneal mem¬ 
brane) and the component of the somatic body Avail attached at the level of 
the sixth and seventh thoracic vertebrae, the peculiar anatomic variation 
presented here Avould result. 


2._G. H., a 39-yeaT-old Avhite man, was referred to the Thoracic Surgical Service 

of the King County Hospital with the diagnosis of symptomatic mitral stenosis. There was a 
previous history of rheumatic fever with chorea at 9 to 11 years of age, Avith the first 
of a heart murmur a few years later. He was free of sjTuptoms until about five years pno 
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lus referral here when he first became aware of d)^pnea and fatigue on exertion. This pro¬ 
gressed to the point where he could not work but was able to meet his ordinary daily actmties 
without difficulty. 

Piagnostic studies and evaluation indicated that the patient would be cbnically and 
symptomatically benefited by surgical correction of the mitral stenosis He was admitted to 
the hospital in November, 1954 Mitral commissurotomy uas performed through a left lateral 
incision. As an incidental finding there uas a \ery firm, hard tendinous band approM 






Fij? 6—Photograph of the intrathoracic tendinous band which eNtendecl from the second 
ub to the dome of the diaphragm in the patient m Case 2 Histologically tlie specimen was 
thought to be tendon 



mitcl} 1 5 cm in dnmotcr and H cm long, extending trom the apex of the thornow spa« 

Its apparen attachment to the undersurface of the second nb anteriorly doaa to the tc«dm»® 
central portion of the dome of the left Iiemidiaphragni This tendinous structure 
plctcly circumscribed by iniaginated lung and covered lij visceral pleura Tlicre irts rv&li"f 
complete fixation of the loft hemidiaphragm dne to tins tendinous^ atlachment^f"'^ 
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■nas excised, releasing the diapliragm, and the operative wound closed (Figs. 5 and 6), The 
patient’s postoperative course was uneventful and he was discharged to his home on tlie tenth 
postoperative day and has since returned to work. 

Comment .—^Jlicroscopic sections of this fibrinous band showed it to be almost 
completely acellular with hyalinizalion of fibers, producing in manj'' areas homog¬ 
enization. so that evaluation of architecture was impossible. However, the 
over-all structure resembled old hyalinized tendon exhibiting focal areas of 
calcification. It was impossible to detect whether or not the tendinous strac- 
ture actually terminated at its apparent attachment to the second rib or ex¬ 
tended into the neck to the level of the third or fourth cervical vei'tebra. Prob¬ 
ably, this structure remained as an unresolved remnant of the cranial-dorsal 
attachment of the septum transversum on the left. It was extended into the 
configuration found by the process of growth and development described 
above. 

The fact that the fibrous tendinous band described was not demonstrated 
by chest x-ray would account for its not being discovered earlier. 

REVrcW OF LITERATURB 

Because of the relatively rare occurrence of such cases and the similarity 
to the two cases reported here, other cases pi'eviously reported ^^•ill be reviewed 
(Table I). Although they are not completely similar to the two reported here, 
their abnormal embryologic development can be explained on the same basis. 





TiUbee I. 

Review 

OF Literature 


CASE 1 

SEX 1 

i AGE 

j RACE 

I SIDE 

1 RIBS 

j PLEUR.VL SPACE 

JIarbut, and 
DeGinder 

F 

20 

White 

Rt. 

Supernumerary T-C 

Normal 

Jacobs 

ir 

43 

Negro 

Bt. 

Supernumerary T-3 

Norma] 

Stevenson, and 
Merendino 

F 

17 

American 

Indian 

Bt. 

Supernumerarv C-7, 
T-6, T-7 

Dorsal medial portion 
of right hemi- 
diaphragm attached 
to supernumerary 
thoracic ribs 

Allen 

M 

60 

Negro 

Et. 

Normal 

Two transpleural mus¬ 
cles from sixth 
thoracic rib to dome 
of diaphragm 

Lutz 

F 

25 

White 

Bt. 

Incomplete and bifid 
fourth thoracic rib 

Fibrous band from tip 
of rib to the dia¬ 
phragm 

Stevenson, and 
Merendino 

M 

39 

White 

Lt. 

Normal 

Tendinous band from 
anterior surface of 
second thoracic rib to 
dome of diaphragm 


jMarbut and DeGinder (1953)'= reported the finding of a complete soper- 
nmnerary, intrathoracic rib in a 20-3mar-old woman. The rib articidated wi 
the right anterior margins of the sixth and seventh vertebral bodies at the in e - 
space and expended candallj^, well within the posterior thoracic wall, and was 
surroimded by normal lung and mseeral and parietal pleura. 

Jacobs (1949)® reported a supernumerary rib in a 43-year-old Negro. 1 jis 
rib originated from the third dorsal vertebra on its anterolateral surface on le 
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light, aitioulatiiig mdepeiidently of the noiinal iib aiising from this veitebia 
The rib couised along the posteiior thoiacic wall doivnyaid and slightlj lateral 
on the anteiioi suiface of the noimal iibs, external to the pleura It terminated 
at the level of the eighth thoiaeic veitebra, 7 cm fiom the vertebial body There 
M ere 12 pans of thoracic iibs arising in a normal manner 

In 1947, Lutz' reported the finding in a 25 5 ear old girl of an incomplete 
bifid fourth thoiaoic 11 b on the light side The rib did not articulate vnth the 
sternum and was inset medially as compaied to the normal thoneie cage 
Covered with parietal pleuia, it projected into the thoiacio cage The inferior 
projection of the fork extended doisallj and caudad to the level of the eighth 
intei space, appi oximately 8 cm fiom the vcitebral column A fibrous band 
extended down from the tip of this lovvei extension of the rib to the diaphiagm 

Allen® repotted, 111 1950, a case in which he described finding, in a 60 
year old Negro, two transpleural muscles lying 111 the oblique fissuie of the 
right lung The medial muscle arose from the sixth rib 1 inch from the 
vertebral column and nisei ted into the cential tendon just behind the caval 
openuig The lateiil muscle took origin from the sixth rib 3 niches fiom the 
vertebial column and inserted into the extieme lateral aspect of the cential 
tendon 

It IS likely that this anomalous finding is closely related to that of our fiist 
case in that these transpleural muscles arise fiom the component from the 
pleuroperitoneal membrane and/or its component from the somatic body wall 

SUVIVIVRV VXD CONCLUSIONS 

1 Two unusual congenital anomalies of the chest arc 1 eported 

2 An embrj ologio basis for then occuirencc is consideied 

3 Similar congenital abnormalities picviouslj 1 eported aie reviewed 

4 Even though the congenital anomalies desoiibed weie incidental and 
asymptomatic, they vvcie of clinical significance It should bo lecogmzed that 
these vaiiations do exist and can present difficult diagnostic problems 
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PNEUi\roNECTOj\rr for pulmonary tuberculosis 

An Analysis of 151 Cases 

Viking Olov Bjork, M.D, 

Stockholm, Sweden 

N O attempt has been made in this papei’ to compare the results obtained in 
pneumonectomy for pulmonary tuberculosis with those reported in the 
literature, lilaterials of pulmonary tuberculosis are often composed of cases 
with a different degi-ee of severity Avhieh influences the results. It is there¬ 
fore considered of more value to report one group and discuss the patho¬ 
physiologic problems arising in the surgical treatment of "bad risk" patients 
undergoing pneumonectomy for pulmonaiy tuberculosis. 


MATERIAL 

Many patients undergoing a pneumonectomy for pulmonary tuberculosis 
are in a really bad condition. They may be toxic, having had fever, with con¬ 
siderable expectoration, for several months. The respiratory reserve is usu¬ 
ally very small due to disease of the only functioning lung or residues after a 
previous pneumothorax. One patient has had pneumonectomy performed 
during contralateral pneumothorax treatment. 

Of the 151 patients operated upon, 16 are dead and 111 have been foUoAved 
up for one to five years or more. Twenty-two patients were excluded as the 
observation time was less than one year. Two patients could not be traced. 

Age .—Old age is no contraindication for the removal of a destroyed lung. 
The oldest patient in this material was a 64-year-old woman. She withstood a 
right extrapleural pneumonectomy and later a 10-rib thoracoplasty in two 
stages very well and her sputum and gastric washings one year later were 
negative to guinea pig tests. The youngest patient was an 11-year-old girl 


Table I. Age and Sex Distbibution in 151 Patients Undergoing PNEUiiONEcroiiY foe 

Pulmonary Tuberculosis 


AGE 1 

MEN 

1 WOMEN 

1 TOTAI, 

10-19 

1 

1 

2 

20-29 

8 

15 

23 

59 

40 

26 

1 

151 

30-39 

40-49 

50-59 

60-69 

Total 

25 

19 

13 

0 

66 

34 

21 

13 

1 

85 


m-Chi^.^^T^Broce.^AI.D.^DocOTt^^ Swedish National Association Against Tuberculosis. 
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who underwent a left pneumonectomy without any space-diminishing proce¬ 
dure. The age and sex distribution are shoivn in Table I and Fig. 1. 

INDICATIONS FOB PNEUMONECTOJIY 

A. Indications Due to Pathology .—A pneumonectomy is usually performed 
only when the lung is destroyed by tuberculosis. 

1. Stenosis of the main bronchvs: In 37 eases, i.e., 25 per cent, there was 
a stenosis of the main bronchus. This finding in itself is no absolute indication 
for a pneumonectomy. It is the combination of a destroyed lung TOth a 
stenosis of the main bronchus that makes it necessary to remove the whole 
lung. If some part of the lung parenchyma is without pathologic changes, it 
may be saved. Then a bronchographj' has to be done in order to outline the 
length of the stenosis and to exclude the possibility of bronchiectasis behind 
the stenosis. In this material, it has been possible in G patients to do a re¬ 
section of the main bronchus and a bronebotracheal or bronchial anastomosis. 

/lumber of coses 



years of age 

Fiff 1 —distribution In 151 cases of pneumonectomy for tuberculosis. 

In 2, it was possible, after division of the 4 upper pairs of intercostal arteries 
and mobilization of the aorta, to anastomose the left lower lobe bronchus to 
the trachea. 3Iost patients coming to surgery, however, already have a 
destroyed lung behind the stenosis. 

A bronchial stenosis may be due to (1) endobronchial tuberculosis or 
(2) peribronchial tuberculous glands, or both. In most cases, it is difficult at 
the time of operation to evaluate the importance of each factor. In 5 patients, a 
number of calcified glands were found comstricting and compressing the main 
bronchus. In the 10 patients, in whom endobronchial tuberculosis was the 
main cause of the bronchial stenosis, it was often necessary to spend a con¬ 
siderable time separating the main bronchus from the pulmonary art( 



PNEUMONECTOMY FOR PULJIONARY TUBERCULOSIS 

An Analysis op 151 Cases 

Viking Olov Bjork, M.D. 

Stockholm, S\\tcden 

N O attempt has been made in this paper to compare the results obtained in 
pneumonectomy for pulmonary tuberculosis with those reported in the 
literature. Materials of pulmonary tuberculosis are often composed of eases 
with a different degree of severity which influences the results. It is there¬ 
fore considered of more value to reiiort one group and discuss the patho¬ 
physiologic problems arising in the surgical treatment of "bad risk” patients 
undergoing pneumonectomy for pulmonary tuberculosis. 


JIATERIAL 

Many patients undergoing a pneumonectomy for jnrlmonary tuberculosis 
are in a really bad condition. They may be toxic, having had fever, with con¬ 
siderable expectoration, for several months. The respiratory reserve is usu¬ 
ally very small due to disease of the only functioning lung or residues after a 
previous pneumothorax. One patient has had pneumonectomy performed 
during contralateral pneumothorax treatment. 

Of the 151 patients operated upon, 16 are dead and 111 have been followed 
up for one to five years or more. Twenty-two patients were excluded as the 
observation time was less than one year. Two patients could not be traced. 

Age .—Old age is no contraindication for the removal of a destroyed lung. 
The oldest patient in this material was a 64-year-old woman. She withstood a 
right extrapleural pneumonectomy and later a 10-rib thoracoplasty in two 
stages very well and her sputum and gastric washings one year later were 
negative to guinea pig tests. The youngest patient was an 11-year-old gii’l 


Table I. Age and Sex Distribution in 151 Patients Undergoing Pneumonectomy for 

Pulmonary Tuberculosis 





___ • 

— — 

AGE 1 

MEN 

I WOMEN 

1 TOTAL 

_ 

10-19 

1 

1 

2 

23 

59 

40 

26 

1 

^ lEi 


20-29 

30-39 

40-49 

50-59 

60-69 

Total 

8 

25 

19 

13 

0 

66 

15 

34 

21 

13 

1 

85 



From Sabbatsberg Hospital: Surgeon-in-Chief, C. Crafoord. MjjD-. |hys?c"Si- 

Hospital; PhysicIan-in-Chief. A. Westergren, M.D., Professor—Soderby Hospital 
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who underwent a left pneumoneetomy without any space-diminishing proce¬ 
dure. The age and se-': distribution are shown in Table I and Fig. 1. 

INDICATIONS FOB PNEUMONECTOMY 

A. Indications Due to Pathology.—A pneumonectomy is usually performed 
only when the lung is destroyed by tuberculosis. 

1. Stenosis of the main bronchits: In 37 eases, i.e., 25 per cent, there was 
a stenosis of the main bronchus. This finding in itself is no absolute indication 
for a pneumonectomy. It is the combination of a destroyed lung noth a 
stenosis of the main bronchus that makes it necessary to remove the whole 
lung. If some part of the lung parenchyma is without pathologic changes, it 
may be saved. Then a bronchography has to be done in order to outline the 
length of the stenosis and to exclude the possibility of bronchiectasis behind 
the stenosis. In this material, it has been possible in 6 patients to do a re¬ 
section of the main bronchus and a bronchotraeheal or bronchial anastomosis. 

/lumber of coses. 



years of aqe 

F*s. 1 —Aae distribution in 161 cases of pneumonectomy for tuberculosis. 

In 2, it was possible, after division of the 4 upper pairs of intercostal arteries 
and mobilization of the aorta, to anastomose the left lower lobe bronchus to 
the trachea. Jlost patients coming to surgery, however, already have a 
destroyed lung behind the stenosis. 

A bronchial stenosis may be due to (1) endobronchial tuberculosis or 
(2) peribronchial tuberculous glands, or both. In most cases, it is difficult at 
the time of operation to evaluate the importance of each factor. In 5 patients, a 
number of calcified glands were found constricting and compressing the main 
bronchus. In the 10 patients, in whom endobronchial tuberculosis was the 
main cause of the bronchial stenosis, it was often necessary to spend a con¬ 
siderable time separating the main bronchus from the pulmonary artery. In.....^ 
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xiie leit main bronelms was stenosed more often (^1 p-icpc-'i +i, +-u • ^ 

{Tt'thrieft™' V“ tae mamly to tic feet 

This fe tic 7 '“ (5 cm.) than the right one (2 cm ) 

Jf il, 1*« 1°"'^’ ‘>'«c licen a dominating incidence 


Bronchia/ ^s/enos/a 
37 coses - 25‘A 



Fie. 2—There is a dominatine incidence of left-sided bronchial stenosis. 

2. T-iiberculo^is cavitation (destroyed lung): TJie most common indication 
for a pneumonectomy was a destroyed lung with a number of cavities. In 19 
of these cases there was a lobar broncliial stenosis as well. Some 
patients also had cavitation in the remaining lobe after a lobectomy (6 cases), 
and the combination of pulmonary tuberculosis and empyema (15 cases). In 
the group -vtdth empyema, 9 patients had a bronchopleural fistula before the 
operation. In several patients with empyema sent for an extrapleural pneu¬ 
monectomy, it has, however, been possible to save the entire lung or part of it. 
Of the whole group of 151 cases, 101 or two thirds of the material were extra¬ 
pleural resections. Most of these patients had a calcified fibrothorax needing 
considerable effort to free it. 

B. Indication Due to Pathophysiology .—In cases where, from the x-ray in¬ 
vestigations alone, it was difficult to decide whether a pneumonectomy should 
be performed or whether some segments should be left, bronchospirometry is 
the most important function test. The following principle has then been used 
in my cases: If the bronchospirometry shows an oxygen uptake of 10 per cent 
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or less on the side to be operated on and (be operalioii is not in lliielf esiicelcd 
to improve the function considerably (by dceorlif/ition or lironcliinl aMOsloiiio- 
sis), a pneumonectomy is performed. Karly in this wrirs, ii vi*n1iliillti({ 
emphysematous lobe mth minimal lunelion but willioiil active lillicrciiUiHia 
was left in sfpiue inst3nee.s (instead of doinff a pneiinionectoniy nl once), I’y 
leasnig this plomb of nonfunctioning Umg tissue, a miieli itmaller (lioraeo- 
plasty had to be done. At follow-up, liowever, a rciiclivniinn Inin been I'oinid 
in the “lung piomb” in several cases. Tiieie is praelieally no advanlilge in 
leaving a functionless lobe. Only a negligible anioiint of blood paiyeii tlirongli 
its pulmonary artery. Therefore, pulmonary byiiertension ciitniol be p/e- 
vented by lea^iuu nonfunetioning lung tissue. On (be other band, it h a din- 
advantage to ]ea\e nonfunetioning Jung (issue, fbcichy i;ie;eaei;ig the /Ictnl 
space and, when such a lobe has been the sourc' of a positive nimlutii, i( him 
to be removed at a ' ew operation. 

If the broncho-pirometry .shov..s 20 per rent or more of tin- oxyifi ii ufiliil'c 
on the side to he <• --rated on, every effort i-% made to save tri riincb /noetioo- 
ing lung tissue as p -ibie at the resection. In c.-i/rs having betv.orn 10 and 20 
per cent of the 05,j e uptake on the side to be opi raU d on, it ii often po' ibie 
to sas e some part > ’ e tuner ^us-uafly the basal ‘/-gtor rds;, TJie final d> ei-.ion 
has then to he mad- uring the operation and ofUn after eoinbbrnbie ffo/e 
has been spent on a • ortiestion. Tn the pre^'r/ee of 'or/>rnJ/Jer,-iI d/vae/, / “ 
many segments as po- !e are leti Vbind. 
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some of these cases, it has been necessary to do this separation with a knife. 
The bronchus and tlie pulmonary ai'teiy seem to be grown together by a very 
dense fibrotic tissue aud aio glaiids are found in the stenotic area. 

The left main bronchus was stenosed more often (31 cases) than the right 
main bronchus (6 eases—see Fig. 2). This is probably due mainly to the fact 
that the left main bronchus is much longer (5 cm.) than the right one (2 cm.). 
This is the only group of cases where there has been a dominating incidence 
of the left lung. In the other groups, there has been roughly an equal side 
distribution. 


Bronchial <sfcnosi3 
51 coses - 85% 




2. Tuberculoxcs cavitation (destroyed Ivng): The most common indication 
for a pneumonectomy was a destroyed lung with a number of cavities, n 
of these cases there was a lobar bronchial stenosis as well. ome 
patients also had cavitation in the remaining lobe after a lobectomy (b case ^ 
and the combination of pulmonary tuberculosis and empyema (15 cases;, 
the group with empyema, 9 patients had a bronchopleural 
operation. In several patients with empyema sent for an ^ ^ 

monectomy, it has, however, been possible to save the entire l 

Of the whole group of 151 cases, 101 or two thirds f 
pleural resections. Most of these patients had a calcified fibrothoiax 

considerable effort to free it. . i-av in- 

B. Iniimiio% to Patliophjoiologv.-in cases where, 

“ir mhe of 10 per cent 
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Nimber4 

or less on the side to be opeiated on and the oiieiation is not in itself expected 
to improve the function consideiahlj (bj decoitication oi bronchial anastoino 
sis), a pneiimonectomj is performed Eaily in this senes, a lentilating 
emphysematous lobe with minimal lunction but ivithout actiie tiibeiciilosis 
was left in some iiistaiiees (instead of doing a pneiimoiiectomT at once) By 
leaving this plomb of nonfunctioning lung tissue, a much smaller thoiaco 
plasty had to be done At follow up, howciei, a reactnatioii has been found 
in the “lung plomb” in seieral eases Theie is practically no adiantage in 
leaving a functionless lobe Only a negligible amount of blood passes thi oiigh 
its pulmonaiy artery Theiefoic, pulmonary hjpeitension cannot be pie 
1 ented bj leaving iionfunetioning lung tissue On the othei hand, it is a dis 
advantage to leave nonfunctioning lung tissue theieby incieasing the dead 
space, and, when such a lobe has been the souice of a positiie sputum, it has 
to be remoi ed at a new operation 

If the bionchospiioiiietiy shows 20 pci cent oi more of the oxygen uptake 
on the side to be opeiated on, eveiy eftort is made to save as much function¬ 
ing lung tissue as possible at the resection In eases haiing between 10 and 20 
per cent of the oxygen uptake on the side to be opeiated on, it is often possible 
to sai e some part of the lung (usually the basal segments) The final decision 
has then to be made during the opeiation and often aftei considerable time 
has been spent on a decoitication In the picsence of contialateial disease, as 
many segments as possible aie left behind 

PBEOPFRITIVF INVESTIG tTION OP LUNG PUNCTION 

The most impoitant infoimation regaidmg the pulmonaiy function is 
obtained by a study of all x ray films fiom the beginning of the disease The 
maximal moiements of each diaphiagra aie lecoidod also 

A The Maximal Bicathing Capacity —The maximal bieathing eapaeitj 
(MBC) was then reeoided The lowest preopeiatne laliie foi JIBC was 10 
L/min The patient, a 37 year old man, withstood an extiapleuial pneu 
monectomy and latei a total thoiacoplasty and the sputum and gastiic wash 
mgs were negatiie to guinea pig tests one jear latei when the 3IBC was 18 
L/miii (see Figs SA and 8B) Piftj per cent of the tested male patients had 
a pieopeiatne value of less than 69 L/min Piftj per cent of the female 
patients had a preoperatue JIBC of less than 49 L/min, 6 haiing an JIBC 
between 20 and 29 L /min 

B The Vital Capacity (VC) —The lowest picopeiativc lalue of vital 
capacity for men was 11 L with 50 per cent of the patients below 2 6 L The 
lowest \alue foi women was 11 L with 50 per cent of the cases wutli sallies 
for VC below 2 0 L 

C The Bronchospiioinctiy —A hionchospirometn was peifoimed onh in 
49 cases, wheie it was difficult to decide if some part of the lung could he left 
Thirty of these patients had an oxtgen uptake of less than 10 pei cent on the 
side to be opeiated on (21 had less than 5 pei cent) Thiiteen patients had an 
oxjgen uptake of between 10 and 20 pci cent and onlj G had moie than '“’O 
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per cent on the side to be operated on. In several instances, where a very low 
oxygen uptake was found, but where a significant increase of the oxygen up¬ 
take of that lung was found when placed lowermost with the patient in the 
lateral position, it was possible to save lung tissue after a decortication. Then 
the thickened pleura was greatly responsible for the impaired function. 

D. The Residual CapacHy .—The residual capacity was investigated in 81 
cases and was below 35 per cent of the total capacitj’’ in 63 eases, between 35 
and 40 per cent in 8, between 40 and 45 per cent in 7, and above 45 per cent in 3. 

E. The Pulmonary Artery Pressure .—The pulmonary artery pressure was 
investigated in 15 cases before operation and in 12 eases during the operation. 
Nine patients had a mean pressure at rest or during operation of more than 20 
mm. Hg. Of these, 1 patient, ■with 29 mm. Hg resting pressure, needed trache¬ 
ostomy and 3 patients with 22, 23.5, and 27 mm. Hg mean pressure needed 
tracheostomy with prolonged artificial ventilation. Five patients -ndth a mean 
piilmonary artery pressure of 21, 23, 25, 29, and 37 mm. Hg had an uncompli¬ 
cated immediate postoperative course. The patient vdth a pressure of 37 mm. Hg 
died later on after an infection with bronchial fistula. Two patients ■\nth 17 
and 19 mm. Hg mean pressure have later died in cor pulmonale. It therefore 
seems to be difficult to draw any conclusion from the pulmonary artery pressure 
in regard to the operative risk, at least from this material. 


JIETHOD OF TRExVT.WEXT 


Only in 1 patient, a gii‘1 of 11 years of age, has a space-diminishing pro¬ 
cedure been omitted. Otherwise, it has been felt important to obliterate the 
space for the following two reasons: (1) to diminish the risk of infection with 
an eventual bronchial fistula, and (2) to keep the mediastinum as close as 
possible to the midline to prevent overdistention of the remaining lung vdth 
emphysema, and lessen the risk of reactivation of trrberculosis. 

In this material, there has been a change, from a procedure in seveial 
stages where first the thoracoplasty preceded the resection, to one-stage opeia- 
tion with an osteoplastic wall thoracoplasty. 

1. In a group of 49 patients, a curative thoracoplasty was first performed 
in 2, 3, or 4 stages. After a period of from one to ten years, the pneumonectomy 
was performed after the thoracoplasty was considered a failure. 

2. In a group of 47 patients in whom a pneumonectomy was indicated, a 
first-stage 5-rib (or 3-rib) thoracoplasty with apicolysis -was performed.^ A ter 
some months, the pneumonectomy was performed and the rib resection was 
extended down to include the ninth rib on the left side and the tenth 

the right side. One 28-year-old man in the group, with a giant cavity m t e 
right upper lobe, had a spread to the left lower lobe after the first-stage 
thoracoplasty. The pneirmonectomy was performed after one year but a 
follow-up there was a tuberculous cavity surrounded by tuberculosis m e 
basal segments of the left lower lobe. This method is now abandoned m favoi 
of the one-stage procedure. In some eases where a 5-rib thoracoplasty baa 
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been performed as a preliminary operation, the diaphragm was mobilized and 
resutured at a higher level, i.e., to the fifth intercostal muscle bundle after 
the pneumonectomy instead of an extended rib resection. It is doubtful if 
much is to be gained by this procedure as compared to a phrenic crush. 


rig. 3A — The 




mediastinum Is kept In the midline one year after an osteoplastic wn t oraco 
plasty- 


piasxy- 

J. In a group of 17 patients, the pneumonectomy 
fost operation and a total thoracoplasty at a later date; m one stage m 1- 
and in two stages in 5 casn total thoracoplasty, sometmre alter a 

ssrrr' > ■"» "■ 

ni'ucled into two stages. , , , 

introdnleVintranl procedure, a plastic plonlte. f,p;. com 

“ mtrapleurally in 7 instances and extrape.-^r V 
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pletion of the pneumonectomy. Only patients were chosen in whom there 
was considered to he no danger of infection. At the follow-np after one year 
there has been no untoward effect of the plomhe. 

5. In 4 cases, a total thoracoplasty with rib resection was performed at 
the same stage as the pneumonectomy. Only patients in a very good condition 
were chosen. 



Pig. 3B.—The posterior ends of the ribs, bent or f^ctured in the costal cartilage^^^^^ 
fixed to the vertebral bodies through the costovertebral ligament behind tne no oj- 
threads. (From Bjork."*) 

6 In order to prevent the paradoxical movement of the mediastinum^ in 
the postoperative period and to prevent a later mediastinal shift to the side 
operated upon, an osteoplastic wall thoracoplasty has been 
annlied in 21 cases. With this method, we have a one-stage procediiie wh 
r be ipLa to patients with a ve.y limited ..espiratoey 
tabereulous empyema. In 13 o( the patents m this 

pneumonectomy had to be pevformed. There was only '^ ''trflation 
i^nleetion, Five patients in this group needed prolonged art.fie.al .entnat 
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through a tracheostomy dui-ing the postoperative period. The method includes 
most often a resection of the first rib and postei'ior parts of ribs 2 to 9 on the 
left side and 2 to 10 on the right side. Then the postei’ior ends of the ribs, 
bent or fractured in the costal cartilages, are fixed to the vertebral bodies 
through the costovertebral ligament by nylon threads through drill holes in 
the posterior ends of the ribs. Thus, the mediastinum is kept in the midline 
for the future (see Figs. 3A and 3B). 

Prom a technical point of view, I recommend a one-stage procedure with 
an osteoplastic wall thoracoplasty after pneumonectomy for tuberculosis. The 
bronchus is cut at a level a few millimeters below caruia, even on the left side. 
The bronchus is closed with isolated terminal sutures of chromic catgut on an 
Atraumatic needle and covered with mediastinal pleura. Some streptomycin 
crystals are placed under the pleural flap. 

RESULTS 

Dcad.~0£ the 151 patients, 16 are dead. In the group of 101 patients with 
extrapleural resection, 14 were lost (14 per cent); in the group of 50 patients 
with intrapleural resection, 2 cases or 4 per cent were lost (Figs. 4 and 5). 

Pneumoneefomies 


Exiropleural 
lot cases 


Jntrapkuro! 
SO cases 




Dead 

4.-—Fourteen per cent were dead in the eroup in which extrapleural pneimionec- 
tomles Imd to be performed. Only 4 per cent died In tJie group of patients >\ho hurl had 
intrapleural pneumonectomy The mortality percentage will reflect the tlifforence in .se\erlty 
of disease in the two groups. 


Five patients died within one tveek of the operation: Two patients never 
regained consciousness after operation (1 iiad a massive spillover, tiie other 
went into pnlmonaiy edema due to cor pulmonale). One patient died after 
thirt 3 ’’-two hours witli liver necrosis due to chloroform anesthesia. One patient 
(44 years old) died after thirty-two hoiu's in venfiiatory insufiicieiicy (post- 
moi-tom e.Namination slmwcd cor pulmonale). One 49-ycar-old man died witli 
bronchopneumonia of the remaining lung and diffuse bleeding in the .space, 
one week after an extrapleural puciimoncetomy with osteoplastic tlioracoplasty. 
No source of the bleeding was detected at the post-mortem,examination. 

•f’’ 
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Six patients died from infection between twelve days and seven montlis 
aftei’ the operation; 

T-wo patients died from tubereiilons pericarditis, both on the twelfth day 
after operation. Therefore a special effort is made during resection for 
tuberculosis to avoid opening the pericardium. 

Three patients died from empyema with a bronchial fistula. A 50-year-old 
man developed a staphylococcus chest wall infection with empyema and broneliial 
fistula and died after three weeks. The other 2 patients died after five weeks 
and seven months wdth a tuberculous empyema and bronchial fistula. Attempts 
to close the bronchial fistula after reamputation and adding an extensive re¬ 
section of the chest Avail liaAm been of no help in patients with bronchia] 
fistula due to tuberculous infection. 


J6 coses died 


' 3. cardioresp. fnsuff. 

/ liver necrosis 
(chloroform anesfhesia) 
Z. pneu/nonio. 


( Z. fbc. pericordifis. 
3. empyema yifh 
bronchia! fisfu/a. 


cor puimonaiG 


Fig. 6.—ir'lve patients have died from cor pulmonale. This number is expected to increase 

with time. 

One 34-year-old Avoman died three months after a left-sided pneumonec¬ 
tomy and two days after an upper lobectomy on the right side Avith a siinul- 
taneous osteoplastic thoracoplasty. She Aromited and developed an aspiration 
pneumonia in the right lower lobe. In these patients Avith an extremely Ioav 
respiratory reserve, a tracheostomy is noAv performed at the end of the opera¬ 
tion. Then an ordinary tracheostomy cannula, provided Avith a rubber cuff, 
is used for artificial ventilation Avhen indicated. This rubber cuff will also 
prevent aspiration. As there is very little tidal volume, it Avill otherAVise be 
difficult for the patient to expectorate the aspirated material. 

Five patients died from ventilatory insufficiency and cor pulmonale one 
month to three years after the operation. 

Other Complications .— . 

Three patients had a primary tracheostomy and prolonged artificial 
ventilation for 3, 10, and 12 days due to ventilatory insufficiency. 


dcases 

yiihin 7 
days 


5 cases 

from iZ 
days fo 7 
monfhs 

5 cases 

from / 
monih h 
3 years 




TWO patiente tad the tad disIpiTccfafter seven to ten 

tracheostomy. 

/// fffjfij foUoMd up 


I-1 

57 'cured’ 

recurrence 

Fie. 5—Nlnty-se^en patients of 111 were consWcrcO '•curca" 

Uorkmg capacity 


Wark/nq full time 


'Halfday' 
damp fa ■start 
ttot work/nq yet 

Fig 7 -—Working capacity. 

One patient developed a tuberculous pericarditis after a lesion of the 
pericardium during the resection. The pericardium ivas aspirated and now 
four years after operation there is no sign of constrictive pericarditis. 

Three patients needed revision thoracoplasty due to chest wall infection; 
this operation consisted of a wide excision of the chest wall leaving only skin 
on the mediastinum. 
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Six patients died frotn infectioji between twelve days and seven months 
after the operation: 

Two patients died from tuberenlous pericarditis, both on the twelfth day 
after operation. Therefore a special effort is made during resection for 
tuberculosis to avoid opening the pericardium. 

Three patients died from empyema with a bronchial fistula. A 50-year-old 
man developed a staphylococcus chest wall infection with empyema and bronchial 
fistula and died after three weeks. The other 2 patients died after five weeks 
and seven months with a tuberculous emiiyema and bronchial fistula. Attempts 
to close the bronchial fistula after reamputation and adding an extensive re¬ 
section of the chest wall have been of no help in patients with bronchial 
fistida due to tuberculous infection. 

/6 cases died 


3. cardioresp. insuff. 

L liver necrosis 
(chloroform anesihesio) 
2. pneumonia. 


' 2. Ibc. pericordifis. 
3. empyema wUh 
bronchia! fisfula. 


cor puimona/s 


Fig-. 5.—'Five patients have died from cor pulmonale. This number is expected to increase 

with time. 

One 34-year-old woman died three months after a left-sided pneumonec¬ 
tomy and two days after an upper lobectomy on the right side with a simul¬ 
taneous osteoplastic thoracoplasty. She vomited and developed an aspiration 
pneumonia in the right lower lobe. In these patients with an extremely low 
respiratory reserve, a tracheostomy is noAV performed at the end of the opera¬ 
tion. Then an ordinary tracheostomy cannula, provided with a rubber cuff, 
is used for artificial ventilation when indicated. This rubber cuff will also 
prevent aspiration. As there is veiy little tidal volume, it will othenvise be 
difficult for the patient to expectorate the aspirated material. 

Five patients died from ventilatonj insufficiency and cor pulmonale one 
month to three years after the operation. 

Other Complications .— 

Three patients had a primary tracheostomy and prolonged artificial 
ventilation for 3, 10, and 12 days due to ventilatory insufficiency. 


6 cases 

\jHhin 7 
days 


S cases 

from /2 
days lo 7 
months 

5 cases 

from t 
month to 
3 years 
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Two patients had the same treatment due to postoperative infiltration in 
the only remaining lung. This infiltration had disappeared after seven to ten 
days with antimicrobial and respirator treatment. 

Four patients developed pulmonary edema, 2 of whom had to have a 
tracheostomy. 

/// coses fol/oued up 


'cured' 


recurrence 

Fie. 6 —Nintj'-se\en patients of 111 were considered ''cured" 


S7 


m 


Worh'ng copacify 


yorkmq full f/me 


'Halfday' 

Gomq lo sfar! 
Hot wor/ung yef 

Fig. 1 —^W'orklne capacity. 




_ One patient developed a tuberculous pericarditis after a lesion of the 
pencardium during the resection. The pericardium was aspirated auf now 
four years af er operation there is no sign of constrictive peScarditis 
Three patients needed revision thoracoplasty due to chest wall infpctln 

r.iTi'r.rr'’ "* * ■..re 
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Seventeen patients had to have sutures removed from the bronchial stump 
before chromic catgut was used as suture material for the bronchus; stainless 
steel sutures have been removed as long as four years after the operation. 

“Cured Patients ."— 

The aim of the surgical treatment for pulmonary tuberculosis is to make the 
patient free from tubercle bacilli in the sputum. Therefore, a patient is con¬ 
sidered as “cured” if at the one- 3 ^ear folloAv-up the guinea pig test on sputum 
and gastric washing, as well as the culture and the direct smear of sputum, is 



negative on three consecutive days and no active disease is found on the x-ray 
investigation. All these criteria were fulfilled in 91 of the “cured” patients. 
In the remaining 6 patients, it was not possible to obtain sputum and therefore 
only the guinea pig test on the gastric washing was performed and found nega- 
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tire, tiujs 87 per cent of the 111 patients foliowcej up arc considered to he 
“cared.” Some patients have been foltowcd for five ycais but in tlie ninjoritj- 
only the one-year follow-iip is jcpoitcd (Pig. C). 

Iforliiifi’ capacity; Of tlio “cured” patients, 25 men ami 39 woiiieii (C5 per 
cent) were woridng full time. Pour men and S ttonien (11 per cent) were doing 
a half day’s -work. Elmcn men and 12 tvoiiic!! bad not yet started work one 
year after the operation, but, of them, 5 men and 7 women ■ncre going to take 
up work again in tlie near fuinre. Ilonsonork and office work was most often 
represented, hut a nurse, an olTteev, a driver, and a hrickloycr performed full- 
time woik one year after operation (Pig. 7). 
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Seventeen patients had to have sutures removed from the bronchial stump 
before chromic catgut was used as siiture material for the bronchus ; stainless 
steel sutures have been removed as long as four years after the operation. 

“Cured Patients ”— 

The aim of the surgical treatment for pulmonary tuberculosis is to make the 
patient free from tubercle bacilli in the sputum. Therefore, a patient is con¬ 
sidered as “cured” if at the one-year follow-up the guinea pig test on sputum 
and gasti’ic washing, as well as the culture and the direct smear of sputum, is 



Fig. x-ray taken of a 37-year-old man with a left-sided tuberculous empyema, broncho- 

’ pleural fistula, and a destroyed lung. Maximal breathing capacity 19 L./min. 


negative on three consecutive days and no active disease is found on the x-ray 
investigation. All these criteria were fulfilled in 91 of the “cured” patients. 
In the remaining 6 patients, it was not possible to obtain sputum and therefore 
only the guinea pig test on the gastric washing was performed and found nega- 
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walk slowly for 30 meters and was tlien very shoi t of bi eatli. His arterial oxygen 
tension was 59 mm. Ilg; tlie carbon dioxide tension 58 mm. Hg, and the pul¬ 
monary artery pressure 35/15; mean 25 mm Hg at rest; and 71/72; mean 49 mm. 
Hg during exercise (75 Kgm/min ). He ivas, however, sputum free and the 
guinea pig test was negative but be did not peifonn any work. 
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patiente ooiUd bring the arm on the operated side up to 170 degrees 14 patients 

d?gL 5 aan TlO 

Pain: In 78 patients (80 per cent), there was no pain connected with 
maximal arm movements. Eighteen patients complained of some discomfort 
V iich in most cases was due to the scapula riding over some prominent rib or 

side o1e"pon "" 

"Recurrence’cases. 


Acf/ve disease. 

(3 had /he cavity be - 
fore pneumonectomy.) 


Wortdng futt time. 

Direct smear neg. 

Guinea pig test pos. 

Z having cavities dosed 
with ontimicrobic therapy. 

1 case resected on the re¬ 
maining iung. 

Tbc.-neg. /tot working. 

Fig. 9.—Fourteen patients were not "cured.” 

Cough: Sixty-eight patients (70 per cent) were free from cough but 29 had 
an iiritating cough, mostly in the mornings. Seventeen of these patients with a 
onj, Stan mg iiritating cough were found to have suture granulomas and the 
eouo isappeaied in most of these patients after removal of sutures through 
le yoiic oseope. Many of these 29 patients reported that thej’- had coughed 
up silli stitches on several occasions. 

^ Dyspnea. Sixty-three patients (69 per cent) ivere free from dyspnea in 
their usual activities but 30 patients complained that they were short of breath. 
Tlie postoperative values for the maximal breathing capacity are shoivn in 
a e I. The lowest value was 18 L./min. in a 37-year-old man having gone 
through a left extrapleural pneumonectomy (Pigs. 84 and 8B). This man could 


S 


S 


<3 
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Table II. The Postopeeative Values of jMasimal Breathing Capacitv CMBC) in Litees 

Pee Minute 


MBC 

10-29 

30-49 

50-69 

70-89 

90-109 


MEN 

8 

14 

11 

4 


WOMEN 

8 

24 

20 

2 
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walk slowly for 30 meters and was then very short of breath. His arterial oxygen 
tension was 59 mm. Hg; the carbon dioxide tension 58 mm. Hg; and the pul¬ 
monary artery pressure 35/15; mean 25 mm. Hg at rest; and 71/72; mean 49 mm. 
Hg during exercise (75 Kgm./niin.). He was, however, sputrim free and the 
guinea pig test was negative but he did not perform any work. 



FJfr. lOA.—^An x-ray taken of a 29-ycar-oId man with a cavity under a three-3'ear-ol(l 
right-sided extrapleural pneumothorax. Tliere Is, as nell, a cavity In the apex of tlie left 
lun?. 


The foUow'ing correlation has been found between the maximal breathing 
capacity and the patient’s omx feeling of shortness of breath. Even after a 
total thoracoplasty, only one-third of the patients had tlie mediastinum in the 
midline. In two-thirds of the patients, the x-ray exammation .showed a disloca¬ 
tion of the mediastinum to the operated side with a correspondent overdislention 
of the remaining Irmg. 
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patients conld bring the arm on the operated side np to 170 degrees, 14 patients 
up to 160 degrees, 11 patients up to 150 degrees, and 5 patients less than 140 
degrees. 

Pain: In 78 patients (80 per cent), there was no pain connected with 
maximal arm movements. Eighteen patients complained of some discomfort 
which in most cases was due to the scapula riding over some prominent rib or 
rib regeneration. In some patients pain Avas felt over the lowermost ribs on the 
side operated upon. 

"Recurrence’ cases. 


Ac/ivc disease. 

(3 hadihe cavify be¬ 
fore pneumoneefomy.) 


Working full ilme. 

Direcf smear nog. 

Oulnea pig fesf pos. 

Z having covliles dosed 
wi/h oniimicrobic iherapy. 

/ case resected on the re¬ 
maining tung. 

Tbc.-neg. ftot working. 

9.—Fourteen patients were not "curecl.” 

Cough: Sixty-eight patients (70 per cent) Avere free from cough but 29 had 
an irritating cough, mostly in the mornings. Seventeen of these patients Avith a 
long-standing irritating cough Avere found to have suture granulomas and the 
cough disappeared in most of these patients after removal of sutures through 
the bronchoscope. Many of these 29 patients reported that they had coughed 
up siUt stitches on several occasions. 

Dyspnea: Sixty-three patients (69 per cent) Avere free from dyspnea in 
their usual aetmties but 30 patients complained that they Avere short of breath. 
The postoperative values for the maximal breathing capacity are shoAvn in 
Table II. The loAvest value Avas 18 L./min. in a 37-3'^ear-old man having gone 
through a left extrapleural pneumonectomy (Figs. 8A and 85). This man could 


Table II. The Postopekative A^alues op Maxisial Breathing Capacity (MBG) in Liters 

Pee Minute 


MBG 1 

MEN 

1 WOMEN 


10-29 

2 

8 


30-49 

8 

24 


50-69 

14 

20 


70-89 

11 

2 


90-109 

4 

“ 
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walk slowly for 30 meters find was tlien very short of breath. His arterial oxygen 
tension was 59 nun Hg; the caihon dioxide tension 58 mm. Hg; and the pul¬ 
monary artery pressure 35/15; mean 25 mm Hg at rest; and 71/72; moan 49 mm. 
Hg during exercise (75 ICgm./min ). He was, however, sputum free and the 
guinea pig test vas negative hut he did not perfonn any work. 



. x-vay taken ot a 20-jcar-oM man nith a cavity nmler a three- 5 car-okl 

r^ght-slded extrapleural pneumothortLs There Is. as nell, a carlty In the apex of the left 


The following coirelation has been found between tlie maximal breathinf 
capacity and the patient’s own feeling of shortness of breath. Even after a 
total thoracoplasty, only one-thiid of the patients had the mediastinum in tlie 
midline. In tuo-thiids of the patients, the x-iay examination showed a disloca¬ 
tion of tlie mediastinum to the operated side with a con espondent overdistention 
of the remaining lung. 



Fig. lOB.—This x-r<iy demonstrates the cavity in the left upper lobe. 



Fig. lOO.—An x-ray taken after resection of the right lung (March, 1954) and the 
apicoposterior and inferior lingula segments of the left upper lobe (March, 1955). Prolonged 
-WifloiQ? irrintiTofinn wne itcfifl rllirine- last Dostoi^erative coursa. 
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Table III. The Correlation Between the Patient’s Subjective Feeling of Shortness of 
Breath After a Pneumonectomy anp Podnp Value oi the Maximal 
Bkeaihikg CAPAcm (ifBC) 



aiBG 

MEVN value 

(L/MIN.) 

1 range 

24 men not feeling sliort of breath 

GG.8 

96 32 

9 men feeling short of Lieath 

48 S 

80 18 

25 women not feeling short of breath 

51 5 

78 40 

19 v;omen feeling short of breath 

3G5 

58 20 



Fig llA—^An x-ray ot a 22->ear-oM A\oman which shows an Infiltration with a central cavity 
In the right upper lobe (1947^. 


Not “Cured" Paiienis .—■ 

Fourteen patients were not “ciiicd” by a pneumonectomy (Fig. 9). 

Four of these patients had activity in the remaining lung (3 vv ith cavities), 
none of them were working. The 3 piitients with cavities in the only remain¬ 
ing lung had had these cavities at the time of operation. 

Five patients had a positive guinea pig test Imt a negative diicct smear 
and were working full time. 

Three patients with hilatei’al disease had a cavity in the only remaining 
lung one year after the pneumonectomy. In 2 of these, ther^vvas a very good 





Fig. lOF.—This x-ray demonstrates the cavity in tiie left upper lobe. 



Fig-. IOC.—^An x-ray taken after resection of the right lung (March, 1954) and the 
apicoposterior and inferior lingula segments of the left upper lobe (March, 1955). Prolonged 
artificial ventilation was used during the last postoperative course. 
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Table III The CoitRCLATiOM Bettyeen tiu Patient’s Sbbjectiye Peelino or shoe~\ess or 
Befvtii After a Pnfumonfctomt and Found I alue of the YLyaj iae 
B rFYTHINO Capacxtn (MBC) 




JIBO (L /ill 

) 



MEIN V VLUE I 

I i^^E 

24 

9 

men not feeling short of bn. ith 
men feeling short of brcnth 

66 S 

4S8 

9(1 32 

SO 18 

25 

19 

^^omen not feeling short of brenth 

Monien feeling short of brcith 

51 5 

36 5 

78 40 

58 20 



^ot “Cured” Fahents — 

Fourteen patients nere not “eincd” bj » pneumonectomy (FiS '’) 

none of them Yme Yvorkmg The 3 paWnts 

p”^“^,'‘“'J*^®®‘’'®'ttiesatthetimeofopcrat ue^atne diicct smear 
Pne patients had a positive guinea pi? test but 

' tone , , contY in the only lomaimng 

hiDD liilateral „£ thcie, there iias a icry good 
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response to chemotherapy with “closxire” of the cavity and the patients were 
able to return to work. The third case, a 29-year-old man, underwent a right 
extrapleural pneumonectomy and a 10-rib thoracoplasty. One year later, the 
apicoposterior and inferior lingula segments of the left upper lobe were re¬ 
sected for a tuberculous cavity. After that operation the patient is in a very 
good condition, his sputum is negative, and he is going to take up office work. 
His maximal breathing capacity eight months after the last operation is 59 
L./min. (Figs. lOA, B, G). 



Fie- 11J5._^After 5 years’ right-sided pneumothorjax, there vfos still a cavity in the right upper 

lohe. On the left side, several cavities necessitated pneumonectomy. 

One patient has had ulceration of the main bronchus to the remaining lung 
with positive sputum three years after pneumonectomy but has reacted 
well to antimicrobic therapy. 
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One patient is sputum negative but is very nervous and now, five years 
after the pneumonectomy, has not yet taken up any work. Her weight is 35 
kilograms. 



Fig. lie. —An x-ray taken 3 years after the left pneumonectomy. The cavity In the rJgfit 
upper lohe is inspissated and calcined. 

THE CONTRALATERAL LUNG AFTER A PNEU3IONECT03IY FOR PULMONARY TUBERCULOSIS 
It is a general impression that the contralateral lung has witlistood the 
pnemnoneotomy verj' well. One 22-ycar-old woman had a ca\-ity under a five- 
j-ear-old pneumothorax on the right side when loft pneumonectomy and, later, 
a 10-rib thoracoplasty were performed in two stages. One year after tlie 
pneumonectomy, the cavity in the lung was inspissated and calcified and the 
pneumothorax abandoned (Figs. 114, B, C). The guinea pig test on sputum 
and gastric washing was negative and she started to work. ..Three years after 
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the operation, the tests are still negative, and she is in a very good condition, 
working full time, newly married, can climb 4 flights of stairs, and has a maximal 
breathing capacity of 48 L./min. Reactivations, even with cavitation, have 
reacted well to chemotherapy. Table TV will indicate the condition of the 
contralateral lung at the time of operation and the result (“cure’’-guinea pig 
test on sputum and gastric washing negative with no active disease at the 
x-ray investigation). 


Table IV. The Condition or the Contralateral Lung at the Tijie of Operation 
Correlated to the Eesult at the Follow-Up 


CONDITION OF THE CONTRALATERAL LUNG 

1 “cure” I 

RECURRENCE 

Normal 

47 

4 

Small infiltration 

37 

5 

Infiltration earlier treated by pneumothorax 

4 

_ 

Cavity “elosed” bv con.servative treatment 

2 


Cavity “closed” by pneumothorax 

3 

2 

Open cavity 

2 

3 

Open cavity remaining after pneumothorax treatment 

1 

- 

Open cavity under a pneumothorax 

1 

- 

Total 

97 

14 


On the other hand, 14 of the 16 patients that died had had significant tuber¬ 
culosis, in 6 cases with cavitation on the contralateral lung. The general ex¬ 
perience from resections on patients with bilateral tuberculosis has shown that 
patients with a pneumothorax on the contralateral lung often have difficulties 
during the postoperative period. The respiratory work for the patient with an 
old pneumothorax on the contralateral lung is considerably increased. It may 
be possible for the patient to perform an efficient ventilation and to bring up 
the secretion for a few days after the operation. Then, the patient is exhausted 
from the increased respiratory work and the ventilation becomes more and 
more insufficient with carbon dioxide retention. The immediate risk is there¬ 
fore considerably higher when the patient has had a pneumothorax on the con¬ 
tralateral lung. The patient may tolerate very well the occlusion of the pul¬ 
monary artery on the side to be operated upon for some time. Yet, the respira¬ 
tory work with expectoration performed with an old pneumothorax lung, will 
often be too much for the patient after a few days. This is often reported as 
cardiorespiratory insufficiency in the reports. The death in such cases is often 
due to carbon dioxide retention. Therefore a resection, especially a pneumonec¬ 
tomy, should not be performed on such patients unless it is possible to take 
over the patient’s respiration with prolonged artificial ventilation during the 
postoperative period. 

The long-term prognosis is also considerably worse in patients having had 
pneumothorax on the only remaining lung. Two such patients have already 
died from cor pulmonale after six months and three years, respectively. 

summary 

Pneumonectomy is reserved for destroyed lungs whether a broncliial 
stenosis is present or not. A one-stage procedure with resection and osteoplastic 
wall thoracoplasty is recommended. If the function of the remaining lung is 
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impaiied by disease oi an old pneumotlioia\, the lespiiatoij iioik foi the 
patient m the postopeiative period is often too great, with eaiboii dioxide 
letention as the result Then piolongcd aititicial ientilation thiough a 
tiaoheostomy is indicated until the iiatient has legaiiied stiength enough to 
peifoim adequate \entilatioii and bring up the secietioii Of 111 cases followed 
1 to 5 yeais aftci opeiatioii, 97 patients oi 87 pei cent aie coiisideied “euied ” 
Of the 14 patients with reciirience, 5 aie -Hell and ivoiking nith negatne 
sputiim but uith a positive guinea pig test on the gastiic washing 
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HEMOERI-IAGE FROM FIBRINOLYSIS IN PULMONARY SURGERY 
Report of a Case With Study of Coagulation IMechanism 
W iLLiAiM Walker, M.A., M.B.,®' and Eugene G. Laforet, M.D/^^ 

Boston, Mass. 


T hough tlie hazard is now well Imoivn, the exact nature and pathogenesis, 
and hence the best treatment, of the coagulation defects that may develop 
in the course of operations on the lung are still poor]}-- understood and may 
not he the same in every ease. The present report describes a fatal case in 
which the clotting defect was studied in some detail. 


CASE REPORT 

The patient, a 43-year-ol(l Caucasian paper-cutter, was admitted to the Massachusetts 
Atemorial Hospitals on Oct. 15, 1954, complaining of shortness of breath and swelling 
of the ankles. For approximately one year he had noted a nonproductive cough which he 
attributed to “bronchitis.” Four months before admission he experienced, for the first 
time, slight dyspnea which became increasingly severe, and ankle edema. He was treated 
with digitalis and mercurial diuretics with gradual diminution of d 3 ’spnea and edema but 
the cough persisted. 

On physical examination, the patient was a slender middle-aged man who appeared 
chronicalty ill but was in no acute distress. Temperature was 100° F., pulse 100 per min¬ 
ute, respirations 20 per minute, and blood pressure 120/76 mm. Hg. Neck veins were not 
distended. The trachea appeared to be slightly deviated to the right. Examination of 
the lungs showed dullness over the right lower lung field anteriorlj' and posteriorlj', above 
which there were moist rales and diminished breath sounds. The left lung was hyper- 
resonant but free of rales. The heart was not clinically enlarged. There were occasional 
ventricular extrasystoles. A high-pitched apical presystolic murmur was present. The 
liver and spleen were not palpable and there was no peripheral edema. Neurological ex¬ 
amination was unremarkable. 

Laboratory data were as follows: blood urea nitrogen, 15 mg. per cent; fasting blood 
sugar, 77 mg. per cent; CO.-combining power, 30.6 racq./L.; chlorides, 98 meq./L.; sodium, 135 
meq./L.; and potassium, 5.5 meq./L. Erythrocj'tc sedimentation rate was 28 mm. in one hour. 
The hemoglobin was 12.9 Gm. per cent and the hematocrit 40 per cent. The number of leuko¬ 
cytes ranged from 7,800/mra.3 to 9,500/mm.3, ivith essentially normal differential counts. The 
sputum examination was unremarkable. Circulation time (arm to tongue) was 12 seconds. 
Venous pressure was 4.5 cm. of saline at rest, 7 cm. during exercise, and 5.5 cm. 2 minutes 
after exercise. First strength PPD (purified protein derivative) skin test was negative. 
An electrocardiogram was within normal limits. The larainograms of the chest done on 
Oct. 18, 1954, showed areas of loculated fluid on the right side. There was a suggestion 
of a mass at the right hilus, with narrowing of the intermediate and lower lobe bronchi, 
interpreted as suspicious of tumor. Bronchoscopy demonstrated no abnormalities except 
for mucosal erj'thema of the right middle and lower lobe bronchi. Cj’tologic study of 
the bronchial aspirate was negative for tumor cells. Thoracentesis was performed on two 
occasions in October, 1954, with recovery of a total of 700 ml. of serosanguineous fluid, 
pathologic studj'' of which yielded no evidence of tumor cells. Fluoroscopy of the chest 
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revealed minimal excursion of the right hemidiaphragni with no paradoxical motion. 
Bight prescalcne lymph node biopsy demonstrated ‘^chronic inflammatory changes’^ only. 
The coagulation mechanism was not 'studied preoperatively, as nothing in his history sug¬ 
gested a hemostatic defect. 

Although no tissue diagnosis of malignancy had been possible, the presence of hem¬ 
orrhagic pleural effusion, together with the laminographic findings suggesting neoplasm, 
wore felt to warrant exploratory thoracotomy, which was performed on Nov. 4, 1954, un¬ 
der general endotracheal anesthesia. Extrapleural dissection was required initially be¬ 
cause of the markedly thickened and adherent pleura. A dense fibrous and fibrinous 
cortex covered both visceral and parietal surfaces. The lung parenchyma appeared un¬ 
remarkable on cursory palpation and frozen section study of a pleural biopsy showed no 
evidence of tumor or tuberculosis, A small amount of hemorrhagic pleural fluid was 
present. In order to examine the lung satisfactorily, as well as to remove the ventilatory 
restriction secondarj' to the fibrothorax, visceral and parietal pleural decortication was 
performed. This proved to be technically difficult and was attended with marked blood 
loss. However, there was no generalized bleeding. Blood repletion appeared adequate, 
the patient receiving 2,000 ml. of wliole blood during the procedure. 

Before the thoracotomy wound was closed, it was noted that the pleural cavity was 
free of blood clot; no significance was attached to this fact at the time, how'cver. A 
slow, generalized ooze of blood was .seen from all sites of decortication, but did not ap¬ 
pear out of proportion to the extent and type of operation. 

At the conclusion of the three-hour procedure and after the wound had been com¬ 
pletely closed, the blood pressure, previously stable, suddenly became unobtainable. 
Alarming bleeding was observed from the thoracotomy tubes. Besuscitativo measures 
included the liberal use of whole blood transfusions wliich were ineffective in raising tlio 
blood pressure. The pulse remained relatively slow and forceful. L-norepincpIirine was 
unsuccessful in improving the hypotension. Preparations were made to reopen the chest 
with the possibilitj' of ligating one or more actively bleeding vessels. However, 
hematological consultation had boon secured at the time of onset of hemorrhage and 
hastily completed preliminary studies indicated the presence of a coagulation defect, duo 
to fibrinolysis. It was therefore felt that exploratorj* thoracotomy would bo futile, 
ilultiplo transfusions with whole blood were continued. The sanguineous drainage in 
the thoracotomy water-seal bottle showed no tendency to clot and it was observed that 
unusual oozing occurred from the skin at sites of venipuncture. One unit of plasma an'l 
4 Gra. of fibrinogen were administered intravenously without appreciable effect -wi 
the bleeding. Kosuscitative measures were continued, including artificial respiration ami 
massive transfusion of whole blood, but all efforts to maintain the patient were unsuct pss- 
ful and he died four hours after the hemorrhagic tendency first became manifest. The 
total amount of whole blood administered following the clinical onset of the clotting de¬ 
fect was 5,500 c.c. 

Autopsy was performed four liours post mortem. There were hematomas and cc- 
chjTnoses of the skin. No blood clot was encountered at any point in the vascular system 
and the heart blood was completely fluid. No blood clot was seen at any site in the fresh 
thoracotomy wound. The right pleural cavity contained 800 c.c. of dark red, undotted 
blood. Tlio right lung showed atelectasis, most pronounced in the middle lobe. The Rff 
lung was unremarkable. Examination of the heart showed rheumatic mitral stenods. 
There was massive emphysema of the mediastinum and retroperitoneum, with dissecrien 
of the air between the leaves of the mesocolon. This was undoubtedly kcondary to 
decortication, which had been particularly difficult in the region of the diaphrag®- 
pleto gross and microscopic study disclosed no eindcnce of carcinoma or tubercu/*^'^ 

CO.\GUL.\TJON STUDIES 

Clotting tests done on a sample of venous blood taken about tirf 
before deatli gave tlie follomng results. The whole blood clottin? IfJrcs- 
AVbite) m two glass tubes was 3i4 and 4 minute! ’ ’ ' - 

cnee of a circulating anticoagulant Good clots i 
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appeared completely witliin 20 minutes’ incubation at 37° C. A clot from the 
same volume (1 ml.) of normal blood, washed in normal saline and suspended 
in about 0.8 ml. of the patient’s seriun, was apparently intact at 6 hours at 37° 
C., but was completely lysed within 24 hours. 

The one-stage “prothrombin” test of Quick (using 0.1 ml. each of acetone- 

dried human brain extraet, test citrated plasma, and CaCl 2 ) showed a pro¬ 
longed clotting time (Table I). The addition to the patient’s plasma of normal 


Table I. Diagnostic One-Stage “Protheojibin’’ Tijies With Pkesujiptive Evidence of 

SPCA Deficiency in Patient’s Plasma 



ONE-STAGE 

“prothrombin” times (secs.) 


NORJLVL 

plasjia 

PATIENT’S 
PLASMA 

PATIENT + 10% 
NORMAL PLASMA 

PATIENT -1- 10% 
NORMAL A1 (OH), 
PLASMA 

PA'HENT’S plasma 
-P 10% OLD NOR- 
JIAL SERUM 

14 

23 

19 

23 

17 


plasma treated with AI(OH )3 (which contains Ac-globulin but lacks SPCA* 
and prothrombin) in a proportion of 1:10 had no effect on tliis clotting time, 
whereas the admixture of aged normal serum (rich in SPCA biit lacking the 
other factors to which this test is sensitive) sliortened it significantl 3 ^ This 
suggests that the patient's plasma was deficient in SPCA precursor (factor VII, 
proconvertin). Prothrombin itself, estimated by the two-stage area method of 
Biggs and Douglas,^ was 70 per cent, which is at the lower limit of normal. 



j_I_I_I_ I I III I I 

I 2 3 4 5 6 8 10 12 


TIME IN MINUTES 

Fig. 1.—Intrinsic blood thromboplastin generated in mixtures of normal platelet suspen¬ 
sion with (a) normal Al(OH) 3 -treated plasma and normal serum; (b) normal serum and 
patient’s Al(OH)3-treated plasma; (c) normal A1 (OHIs-treated plasma and patient’s serum, 
(100 per cent represents clotting time in substrate plasma of 10 .seconds.) 

The blood thromboplastin generation test^’’ ® showed that a potent thrombo¬ 
plastin was generated from a mixture of the patient’s serum with normal plate¬ 
let suspension and normal plasma treated with Al(OIT) 3 , i.e., the patient’s 
serum, in spite of its deficiency in SPCA, had an adequate content of blood 
thromboplastin components (Pig. 1). On the other hand, when the generating 
mixture consisted of normal platelet suspension, normal serum, and patient's 
plasma treated ivith Al(OH) 3 , the generation of thromboplastin was signifi¬ 
cantly impaired. The blood thromboplastin components present in A1(0H)3 

♦Serum prothrombin conversion accelerator. 
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treated plasma are Ac-globulin (factor V, proaecelerin) and antihemophilic 
globin (thromboplastinogen); since no lack of Ac-globulin could be demonstrated 
(Table I), it follows that the patient’s plasma had less than a normal content 
of antihemophilic globulin. 

Using a modification of Schneider’s rapid method for estimating fibrin¬ 
ogen/ the fibrin titer of the patient’s plasma was 200, not significantly dif¬ 
ferent from the noimal plasma titer of 400, By the method of Katsoff and 
Menzie, the patient’s venoiis blood contained 194 mg. of fibrinogen per 100 ml., 
compared with 202 mg. per 100 ml. in normal control blood. 

Blood drawn from the pleural cavity, before fibrinogen was given intra¬ 
venously, did not clot and contained loss than 10 mg. of fibrinogen per 100 ml. 
After the intravenous administration of 4 6m. of Fraction I of Cohn, the blood 
from the pleural cavity, still fluid, contained 24 mg. of fibrinogen per 100 ml. 
Blood from the right atrium, taken four hours after death, was fluid and con¬ 
tained no fibrinogen. Like the plein-al blood, it %vas totally laelcing in both 
Ae-globulin and SPCA, but contained a near-normal amount of prothrombin as 
estimated by the two-stage area method. 

The fibrinolytic activity in the pleural and post-mortem blood was further 
studied by observing its effect on a standard fibrin clot in the following man¬ 
ner. Solutions of fibrinogen (Fraction I) 0.15 per cent in 0.4 ml, quantities 
were mixed with 0.8 ml. of 0.85 per cent NaCl buffered witli veronal acetate 
buffer at pH 7.4 which contained various dilutions of the patient’s sera and 
normal serum to give the final concentrations shown in Table II. The resvlting 


Table II. Lysis TitiEs for Standard Clots Formed bt Adding 0.1 Ml. Turombin Topio.w, 
(20 and 500 Units pee Ml.) to 0.05% Fibrinogen in Buffered (pH = 7.i) Solution 
CoNTAiNiNO Various Dilutions of Patient's Sera or Normal Serum 


1 

1 

piLtmoN or 
SERUJf 1 

WITS OP 
TJIROMDIN USED 

(0.1 Mn.) 1 

1 TIME (illN.) Foil COMPIaETE LTSIS 

ANTE-JIORTEJlI | 
PLEURAL SERUM j 

rOST-MORTEil I 
IIEaVRT SERUM j 

NORMAL 

serum 

1 

2 

180 

30 

no Ivsis 

8 

50 

320 

30 

no 

1 

2 

180 

60 

no lysis 

16 

50 

120 

20 

no lysis 

1 

2 

ISO 

60 

no lysis 

32 

50 

30 

10 

no lysis 

1 

2 

300 

60 

no lvsi<i 

64 

SO 

20 

10 

no lysis 

1 

2 

360 

180 

no Ivsis 

12S 

50 

10 

10 

1,440 

1 

2 

480 

300 

no lysis 

256 

50 

10 

10 

960 

Saline onl7 

2 

no lysis 

- 



50 

420 




0.03 per cent solutions of fibrinogen were clotted by the addition of 0.1 ml. of 
topical thrombin solution (Parke Davis Co.) prepared in two concentrations: 
20 and 500 units per milliliter. (Two concentrations of thrombin were used 
because thrombin topical itself, in higher concentrations only, is strongly 
fibrinolvtic, and this fibrinolytic action is inhibited hr normal .serum even in 
in high dilution. It therefore seemed desirable to observe the behavior of the 
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patient’s sera toward a standard clot formed sneli an excessive thrombin 
concentration as well as toward one formed by a low but adequate thrombin con¬ 
centration.) Good and uniform clots formed in every tube, and were observed 
at frequent intervals for lysis. The time taken for complete disappearance of 
the clot was recorded (Table II). The serum taken from the pleural cavity 
before death, as well as that from the right atrium at autopsj', contained a po¬ 
tent fibrinolysin. This was especially pronounced in the post-mortem sample. 
When the standard clot was made with the lower thrombin concentration, lysis 
was less rapid in the samples containing the lower concentrations of serum, 
suggesting that the lytic activity was weakened by dilution in the absence of 
an adequate antifibrinolysin. However, in the samples doted by an excess 
quantity of thrombin, the shortening lysis-time as the serum was progressively 
diluted demonstrated that the patient’s blood did continue to exert some activitj'' 
against the fibrinolytic action of thrombin topical. At the highest dilutions of se¬ 
rum in this series the lysis-times were the shortest recorded, presumably be¬ 
cause of a synergistic Ij'tie effect. It is of interest that these lysis-times 
(10 minutes) resemble the spontaneous Ij’sis-time of the patient’s own clot. 

To determine whether the patient’s serum was active against fibrinogen as 
weU as fibrin, 0.4 ml. samples each of ante-morte)7i pleural serum and post¬ 
mortem heart serum were mixed with 0.4 ml. of 0.15 per cent fibrinogen solu¬ 
tion. It had been intended to test at intervals for residual fibrinogen, but after 
periods vaiying from 15 to 23 minutes solid clots formed spontaneously in 
every tube. Presumably this coagulation was due to persistent thrombin, al¬ 
though it may have been mediated by the fibrinolytic factor itself, since chloro¬ 
form-treated plasma may have this property.® On standing, total Ij’-sis of these 
clots occurred in the post-mortem samples in about 1 hour, and in the ante¬ 
mortem samples in 6 to 8 hours. This test was therefore inconclusive. Positive 
emdence of fibrinogenolysis, using this teclinique, was subsequently obtained 
with more dilute samples of the post-mortem serum. The platelets were not 
studied. 

DISCUSSION 

Although fibrinolj'tic activity of varying degree has been found in the blood 
in many clinical states, its mechanism and significance remain uncertain. The 
best general review is still that of Macfarlane and Biggs,® while Scott and co- 
workers^ describe the practical problems of diagnosis and treatment in those 
surgical cases where it is of clinical importance. Severe bleeding has been 
ascribed to fibrinolysis in a variety of surgical situations involving shock,® 
but most frequently in operations on the lung.®-^^ instances, these 

patients showed severe fibrinogenopenia, assumed to be due to fibrinolysis. In 
some cases, however, the e'sddence for this has not been adequate to exclude a 
possible alternative cause of fibrinogen depletion, namely, the systemic release 
of tissue thromboplastin from the operative site causing intravascular fibrin for¬ 
mation and loss, by consumption, of fibrinogen and other clotting factors from 
the circulating blood. In such circumstances the presence of fibrinolysis, unless it 
were striking (as in the present case), might well be incidental or secondary 
since it has been found, without obvious pathologic significance, in many dif¬ 
ferent clinical and experimental conditions.^®'^'’ The hemorrhagic states with 
fibrinogenopenia that may occur in abruptio placentae are considered, with good 



Volume 52 
Number 4 


HEMOEBHAGE PKOXI FIBEEN'OLYSIS 


553 


evidence, to be due to tliromboplastin release,'®-=’ although here also fibrinolysis 
has been described,'®' playing an uncertain and probably variable role. The 
lung, like the placenta, is a rich source of tissue thromboplastin, and such a 
mechanism may well be operative in some eases of fibrinogenopenia occurring in 
the course of thoracic surgery, whether or not excessive proteolytic activity is 
found in the plasma. 

The present case, however, like one patient of Coon and Hodgson® and one 
of Scott,' had a normal plasma fibrinogen level in spite of very rapid lysis of 
the fibrin clot once formed. Any depletion of fibrinogen, if it occurred, must 
have been slight and restored by transfusion. No clots were found post mortem, 
and none formed in the blood taken from the pleural eavit.v before death. Pre¬ 
sumably, therefore, adequate clots had fomed, but had been lysed before they 
were hemostatically effective. As with thromboplastin, the source of the fibrino¬ 
lytic factor or its activator may' have been the lung tissue itself.®' No 
evidence was obtained that the lysin circulating before death was active 
against fibrinogen. 

The cause of the prolonged one-stage “prothrombin" time, apparently in¬ 
dicating SPCA deficiency, and of the deficiency in antihemophilic globulin, 
can only be surmised. These clotting factors may have been susceptible to the 
proteolytic enzyme that destroyed fibrin, but it is remarkable that none of the 
other factors was similarly reduced. There is no reason to suppose, in view 
of the negative history and the fact one brother examined had no clotting de¬ 
fect, that the patient was even a mild hemophiliac, though this possibility can¬ 
not be disproved. Experimentally, local tissue injury and thrombosis can cause 
isolated depletion of antihemophilic globulin,®* presumabl.v from excessive con¬ 
sumption, and intravenous injection of activated blood thromboplastin some¬ 
times has the same result.®' In this patient, much ineffective clotting must have 
taken place at the operative site, and antihemophilic globulin may have been 
consumed in excess of that contained in the transfused blood. Such a mech¬ 
anism, however, would not explain the SPCA dcficiene.v. 

There was a striking difference between the time required for l.vsis of the 
patient’s own clot (less than 20 minutes) and that neccssaiy for lysis of a noi'- 
mal clot suspended in the patient’s scrum (more than G hours), a difference not 
duo to plasma fibrinogen concentration. Evidently the l.vsin was much more 
active when present at the time of actual clot formation than when allowed to 
act on a preformed clot. A similar observation has been made in fibrinolysis 
due to excessive concentration of thrombin topical, the l.vsis being much more 
rapid when the excess thrombin is used to form the clot than when it is added 
immediately afterward.®' 

In the circumstances de.scribed here—rapid lysis of fibrin without signifi¬ 
cant depletion of fibrinogen—the administration of antifibrinolysin in the form 
of concentrated human albumin, as suggested by Scott and his colleagues,' may 
be more important than fibrinogen as a supplement to transfusion with whole 
blood, preferably fresh, which is always necessary. This emphasizes the im¬ 
portance of rapid diagnostic methods.'*-' 

SUMMARY 

The coagulation mechanism was studied in a . ’ dyin" of hemui*i 

follou-ing pulmonaiy surgery and the findings arc • ' ’ '’-ref 
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the literature. There was no fibrinogenopenia, but rapid lysis by the patient’s 
serum of his and standard fibrin clots was demonstrated. The plasma was 
deficient in antihemophilic glolmlin and SPCA precursor. 
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Notice of Annual Meeting 

The Thirty-seventh Annual Meeting ot The American Association for 
Tlioracio Surgeiy will be held May 4, 6, and 7, 10.77. m Chicago, Illinois. Head¬ 
quarters will be at the Palmer House. 

Requests for Hotel Reservations 

These should be mailed dii-cctly to Mr Edward Langford, Reservations 
Manager, Palmer House, Chicago. Please mention this Association, the tj^pe of 
accommodation desired, the date, and approximate hour of arrival and departure. 
If accommodations are desired elsewhere in Chicago, please communicate directly 
ivith the hotel of your choice. 

Thoracic Surgery Forum 

The Thoracic Surgery Forum will be continued as a special session at the 
1957 meeting. The Forum is primarily for the presentation of short papers on 
current thoracic research, experimental problems, anatomical studies, and modi¬ 
fied or new surgieal techniques. The inclusion of any considerable amount of 
clinical material in these reports makes the choice more difficult and the 
Program Committee reserves the right to reject such papers, or to suggest their 
transferal to the Regular Program. 

Papers at this session will be limited to ten minutes, including the showing 
of lantern slides or other illustrative material. At the discretion of the Presi¬ 
dent, three minutes may be allowed as the maximum discussion for each paper. 

All Thoracic Surgery Forum papers will bo published together in one issue 
of the Journal. Maximum length: 3000 words without illustrations. If illus¬ 
trated, an appropriate number of words must bo subtracted for each cut used. 

Abstracts of Papers 

Abstracts of all papers for presentation at the 1957 meeting must be 
received on or before Dec. 15, 1956, otherwise they will not be considered by the 
Program Committee. 

Abstracts should be labeled “For Thoracic Surgerj- Forum,” or “For Reg¬ 
ular Program.” The abstracts should contain from 200 to 250 words and 
accurately reflect the contents of the completed paper. 
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Five, repeat, five copies of each abstract must be sent to Miss Ada Hanvey, 
Administrative Assistant, The American Association for Thoracic Surgery, 600 
South Kingshighway, St. Louis 10, Missouri. 

Those on the program are reminded that papers presented at the meeting 
vnist be handed to the secretary immediately after their presentation. If they 
are not ready at that time there is a chance that they will not be published in 
The Journal op Thoracic Surgery. 

Motion Picture Session 

Provisions have been made to show a limited number of motion picUires to 
be selected on a competitive basis. The films themselves, together with descrip¬ 
tive material concerning length of presentation, etc., must be received by Dr. 
Karl P. Klassen, The Ohio State University, Columbus 10, Ohio, before Dec. 15, 
1956. 

It is planned to run the motion pictures in a smaller room at the same time 
as the scientific sessions. If the films are Avell labeled, it will not be necessary 
for the author to be present for comment. 

Applications for Membership 

Applications for Associate hlembership in the Association must be received 
by the Membership Committee not later than Dec. 15, 1956, othenvise the appli¬ 
cation will be deferred for consideration until the 1958 meeting. 

Applicants must be sponsored bj'’ three Active or Senior Members of the 
Association. In addition to the signatures on the application form, the sponsors 
will forward a separate letter concerning the applicant directly to: 

Dr. 0. T. Clagett 

Chairman of the Membership Committee 
Mayo Clinic 
Rochester, Minn. 

Sponsors are reminded that iieiv letters of recommendation must be for¬ 
warded to the Membership Committee should their applicants be held over for 
reconsideration a second year. The new letters of recommendation should also 
be sent to Dr. Clagett, the Chairman of the Membership Committee. 
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A SlJffLN SUKGICAL METIJOV FOE THE COKEECIION OF IIITEAE 
EEGUEGITATION USIKG THE FINGER RING IGVLVE ELEVATOR 

Ar\n S Jon.NSON', M D (b\ i\mtatio\) 

Grosse Poime, JIich 

O NE of the pioblems facing the caidiac suigeon is the cleielopment of a 
simple suigieal method foi coiieetnig initial icguigitation Vaiious 
techniques haic hoeii dcsoiibod leccntlj, bat the surgical ticntment still ic 
mams phj siologicallr uiisatisfactoiy 

PMHOLOGl or MIIRVI, RFGUROIT VTION 

Upon eaiefiil gioss e\amination of one hniHlicd neciopsj specimens of 
htaits ivath lesidual iheumatie initial lahulai lesions, the legiiigitnnt de¬ 
fects «eic found constantl} in the postciioi leaflet of 70 per cent of the heails 
nith combined lesions (stenosis and insufRcicncj) and those ivith purelj in 
snffiticnt lahes The choidae tciidincae in the aica of leaflet deformitj nero 
shoitened and thiehened The edge of the iinohed leaflet ivas hjalini/cd, cal 
cificd, and enilcd undei 

’MFllIOUS or DFMO^&TIt^Tl^C DEIFCTS 

Using the hjdiodjmmie ftchinqnc, the presence of an e\isting iihjsio 
logic defect can he easilj and accuratelj located b\ palliation and diioct 
Msion (a) nith a fingei in the left atiiuni and natci iindei piessuie in the 
left lentiicle, the icguigitant jet is palpable, (b) ba catising the left auueulai 
appendage of the iieeiojisv specimen, a inoic aceiiiatc localiration of the 
initial defect can be made bj diieet \ision A jet of uater can be seen 
sqniiting tliiongh the defectiic leaflet nheneiei pieseiit, using the natei 
under pitssuic tochnique 

From tJie Department of Surcerj (Cnrdlovasoulnr) Bon Sccours TJofp. Oro^’se Polnto 
Micliljran 

Hold at the TbJrlj ‘sixth \nnu'il Mpctlnp of The American As'tocJntlon for Thoracic 
Surgery at StIamI Beach Fla Alaj 7 to 9 1956 


557 





556 


AITNOUNGEMENTS 


J. Thoracic Surg. 
October, 19S6 


Five, repeat, five copies of each abstract must be sent to Miss Ada Hanvey, 
Administrative Assistant, The American Association for Thoracic Surgery, 600 
South Kingshighway, St. Louis 10, Missouri. 

Those on the program are reminded that papers presented at the meeting 
miist be handed to the secretary immediately after their presentation. If they 
are not ready at that time there is a chance that they will not be published in 
The JotrRNAL of Thoracic Surgery. 

Motion Picture Session 

Provisions have been made to show a limited number of motion pictures to 
be selected on a competitive basis. The films themselves, together Avith descrip¬ 
tive material concerning length of presentation, etc., must be received by Dr. 
Karl P. Klassen, The Ohio State Universitj^ Columbus 10, Ohio, before Dec. 15, 
1956. 

It is planned to run the motion pietui*es in a smaller room at the same time 
as the scientific sessions. If the films are Avell labeled, it Avill not be necessary 
for the author to be present for comment. 

Applications for Membership 

Applications for Associate Membership in the Association must be received 
by the ]\Iembership Committee not later than Dee. 15, 1956, othenvise the appli¬ 
cation Avill be deferred for consideration until the 1958 meeting. 

Applicants must be sponsored by three Active or Senior i\Iembers of the 
Association. In addition to the signatui'es on the application form, the sponsors 
will fomvard a separate letter concerning the applicant directly to; 

Dr. 0. T. Clagett 

Chairman of the IMembcrship Committee 
]\Iayo Clinic 
Rochester, Minn. 

Sponsors are reminded that netv letters of recommendation must be for¬ 
warded to the Membership Committee should their applicants be held over for 
reconsideration a second year. The new letters of recommendation should also 
be sent to Dr. Clagett, the Chairman of the Membership Committee. 
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A SBIPLE SURGICAL ItETHOD FOR THE CORRECTION OF iMITRAL 
REGURGITATION USING THE FINGER RING VALVE ELEVATOR 
Aran S. Johnson, JI.D. (bv invitation) 

Grosse Pointe, Mich. 

O NE of the problems facing the earcliae surgeon is tlie development of a 
simple surgical method for correcting mitral regurgitation. Various 
techniques have been described recently, but the surgical treatment still re¬ 
mains physiologically unsatisfactory. 

P.VTHOLOGY or JIITRAL REOtIROITATION 

Upon careful gross examination of one hundred necropsy specimens of 
hearts with residual rheumatic mitral valvular lesions, the regurgitant de¬ 
fects were found constantly in the posterior leaflet of 70 per cent of the hearts 
with combined lesions (stenosis and insufficiency) and those with purely in¬ 
sufficient valves. The chordae tendineac in the area of leaflet deformity were 
.shortened and thickened. The edge of the invoh’cd leaflet was hyaliniaed, cal¬ 
cified, and curled under. 


aietiiods op deaionstratinc DErEcns 

Using the hydrodynamic technique, the presence of an c.xisting ])hy.sio- 
logic defect can be easily and accurately located by palpation and direct 
vision: (a) with a finger in the left atrium and water under pressure in the 
left ventricle, the regurgitant jet is palpable; (b) by excising the loft auricular 
appendage of the ncorop.sy specimen, a more accurate localization of the 
mitral defect can be made by direct vision. A jet of water can be .seen 
squirting through the defective leaflet whenever present, using the water 
under pressure technique. 


•.r 1 Department of Surffci*y (Cardiovascular), Bon Sccours Hosp., Grosso Pointo 

Aiicliipnn. • 

Bead at the T/ifrty-^xth ./Annual Sfectinp of The American Association for Thoracic 
Surgery’ at Miami Beach, Fla., May 7 to 9. 1950. < 
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Normal milral valve 


Re^ur^ilanl milral valve 
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Fig. 1.—Left- Normal mitral valve, a, Anteiior leaflet, h. Posterior leaflet, c, Chordae 
tendineae. d, Papillary muscles e, Coronal y sinus. /, Left ciicumflex coronary artery. 

Right: Regurgitant mitral ^alve. a, Aiea of defect edge of the posterior leaflet, h, 
Shortened and thickened choidae tendineae in the aica of defective valve. 


Pig. 2.—The first surgical step in correcting the regurgitation, a. Index Anser '"’ith the 
ing valve elevator placed around the chordae tendineae at point of insertion into the van e. 
. Assistant’s finger mvaginating the posterior atrial -wall toward the internally elevatea up 
f the posterior mitral leaflet. 







32 SUBGICAL C'ORKECTION OF JirTEAL BEGUEGITATIOX 5',i) 

Numlier 3 

SURGICAL AIETHOI) OF TREATJICXT 

Based upon t!ic knowledge that approximately TO per cent ot the mitral 
lesions ai-e located in the posterior leaflet, a simple surgical method for the 
correction was designed. The valve is first explored with the index finger of 
the left hand. If the defect is palpated and localized in the posterior leaflet, 
the exploring finger is withdrawn. The ring (hook) elevator is then fitted onto 
the index finger of the left hand and reinserted into the left atrium. Tiie 
hook end of the ring is placed amind the chordae tendimme in the r-alvo area 
where the edge of the posterior leaflet is eiiricd under. The edge of the curled 



Fjff. 3.—The second surgical step In repairing the regurgitant \aJ\e. a. Placing tiio flKst 
row of silk sutures fixing the edge of the v.iho to the posterior atrial wall h. Sutures being 
tied in place. 

lij) of the valve i.s then elevated toward the po.sterior ivall of the atrium by 
stretching the chordae tondincac. The assistant with his finger or a curved 
Kelly forcep invaginates the iio.stcrior atrial wall toward the infernally eio- 
vatod posterior mitral leaflet. Two to three interrupted No. 2-0 silk sutiire.s 
fix the edge of the defective leaflet to the posterior wall (Pig.s. 1-4). A secoiul 
row of interrupted silk sutures is next placed to take the len.siou off the fir.st 
row of sutures. A reinforced posterior mitral leaflet has now been con¬ 
structed. It is semirigid as far as flexibility is concerned. The anterior and 
media! mitral icafiets become the only freely moving parts of the valve. The 
mitral valve has now been made physiologically competent. The regurgilant 
jet is completely absent as a resnlt of a newly rccon.sfnietcd posterior mitral 
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SURGICAL METHOD OP TRF.ATJIEXT 

Based uiioii the knowledge that apiiroxiiiiatelj’ 70 pci- cent of the mitral 
lesions are located in the posterior leaflet, a simple surgical method for the 
correction was designed. The valve is first explored with the index finger of 
the left hand. If the defect is palpated and localized in the posterior leaflet, 
the exploring finger is withdrawn. The ring (hook) elevator is then fitted onto 
the indc-x finger of the left hand and reinserted into the left atrium. The 
hook end of the ring is placed around the chordae tendineae in the valve area 
where the edge of the posterior leaflet is curled under. The edge of the enrlcd 



lip of the valve is then elevated toward the posteiior wall of the atrium by 
stretching the chordae tendineae. Tlic assistant with his finger or a cnr\-ed 
Kelly forcep invaginates the po.sterior atrial wall toward the internally ele¬ 
vated posterior mitral leaflet. Two to three interinpted No. 2-0 silk sutures 
fix the edge of the defeefivo leaflet to the posterior wall (Figs. 1-4). A second 
row of interrupted silk sutures is next placed to take the tension off the first 
row of sutures. A reinforced posterior mitral leaflet has now been con¬ 
structed. It is seiniiigifl as far as flcxibiUt 3 ' is concerned. The anterior and 
medial mitral leaflets become the only frcclj' moving parts of the valve. The 
mitral valve has now been made plij-siologieallj' competent. The regurgitant 
jet is completely absent as a result of a ncwlj' reconstructed posterior mitral 
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leaflet. This technique has been tried and tested inany times in the cxioer 
ments in which hearts with residual rheumatic deformities encountered a 
necropsy were used. 

The surgical technique for the correction of incompetent mitral valve 
as described can he used for the “blind cardiovalvoplast}"” and is equall, 
successful for the “open cai’diovalvoplasty“ when a mechanical heart pum}' 
oxygenator is employed to by-pass the left side of the heart. The surgice 
steps for the eori'ection of existing valvular ineompetcnce remain the sam 
when the “blind” or “open” techniques for approaching this problem ar 
employed. 



Fig. 4.—The thircl and final surgical stop in repairing the regurgitant valve. «, Keinforcet 
and reconstructed posterior leaflet, h. Second row of interrupted silk sutures. 

CLINICAL APPLICATION 

Clinically the finger ring valve elevator has been successfully tried in ( 
cases. Three of the patients had the combined mitral lesions (stenosis ant 
regurgitation). These patients obtained excellent results. Of the remaining 
3 patients who had pure mitral regurgitation, 2 showed good clinical im¬ 
provement and the third obtained only fair results. One patient with tri¬ 
cuspid regurgitation was also operated upon. The valve was only partiallj 
repaired during the operation with only temporary improvement. A de 
tailed report on these clinically tested cases is being prepared for later pub 
lication. 
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SUAIM VRA 

1 Desciiption of a simple suigieal method using the fiiigei iiiig Aahe 
elciatoi toi collecting initial legiiigitatioii is picsciitecl 

2 The cluneal application of the suigical technique is hiieflj discussed 

RCrCRENCFS 

1 Beinclionx E, an»l Chalnot, P A Method for the Surgical Correction of Jlitinl In 

sufliciencj, J Tiiopacic Sure 30 148, 1955 

2 Templeton, J K, III, and Gibbon, J H, Jr Experimental Etconstiuction of Cardiac 

Vahes bj Venous and Pericardial Grafts, Vnn burg 129 101,1949 

3 Bailee, G P, Jamison, V L, Balvst, A E, Bolton, H E, Nichol‘«, H T, and Geniein 

liardt, V The Surgical Correction of Alitra! InsufficiencN bj the Use ot Pen 
cardial Grafts, J Tiiopacic Supg 28 551, 1954 

4 Harken, D E, Black, H, Ellis, L B, and Devtor, L The Surgical Correction of klitrnl 

Insufiiciencj, J ThopvcicSupg 28 004, 1954 

5 Carter, M G, Gould, J M, and Mann, B F, Jr Surgical Tic'^tmcnt of Mitial In 

snfficienc}, T Tuo? \cic Sure 26 574, 1953 

0 Davila, J C, Mattson, W V , Jr, ONeil, T J E, and Glo\cr, R P A Method foi 
Surgical Correction of 'Mitral InsiifBciencj, Surg, Gujcc S. Ob«t 98 40T, V>j4 
7 Ivaj, E B, and Cross, F S Surgical Tieatmcnt of Mitral In‘5ufiicicnc\, T Tnoi \ric 
Sure 29 CIS, 1935 

S Albane«e, A E Posterior Atiiocomim<!«uiopc\\ for '^ingicil rreatnient of Mitial 
InsufilC^onc^, Henr^ lord Hospital, International Sinpo^'ium on Cardio\ascu) i» 
Surgerj, 262, 1955 



FURTHER EXPERIENCES WITH THE METHOD OF CONTROLLED 
UNILATERAL PULMONARY ARTERY OCCLUSION IN THE 
STUDY OP LUNG FUNCTION 


Paul Nejiik, Jr., M.D., H. 11. Stone, jM.D. (by invitation), 

H. R. Hawthorne, M.D. (by invitation), and 
T. N. Mackrell, ]M.D. (by invitation) 

Philadelphia, Pa. 

I N 1951, Carlens, Hanson, and Nordenstroin^ published the first report on uni¬ 
lateral occlusion of the pulmonary artery in dog and man, utilizing a double 
lumen, balloon-tipped cardiac catheter. In 1953, a preliminary report on the 
use of this method in the study of lung function was made by us.= In the five 
years since the original report of Carious and his associates, the number of 
eases which have been studied by the Stockholm group,^’ ' Sloan and his asso¬ 
ciates at the University of Michigan,® Brofman and his associates in Cleve¬ 
land,®’ ‘ and in our own series has become sufficiently large so that definitive 
conclusions may now be drawn from this method of investigation. 

The purpose of this report is to give the results of our continuing experi¬ 
ence with this method and, second, to attempt to evaluate the present status 
of the study in the light of the collected series. Bagger, Carlens, Hanson, 
Llalnistrom and Uggla have recently reported detailed studies on 109 patients, 
and more recently the number of cases studied by these investigators is now 
over 150, and there has been no serious accident.® Sloan and his associates re¬ 
ported studies on IS patients at this meeting one year ago, and they have now 
studied over 25 patitents.® Brofman and his associates" have now performed 
studies on approximately 100 patients, with particular emphasis not only on 
pulmonary function study, but also on the study of pulmonaiy hemodynamics. 


present series 


Unilateral pulmonary artery occlusion has now been carried out by us in 
35 patients. In five instances, passage of the catheter into the desired branch of 
the main pulmonary artery could not be accomplished. In 4 of these cases, the 
cause was apparent at operation, in that the pulmonary artery or the superior 
vena cava Avas either compressed or distorted by metastatic carcinoma in the 
mediastinum. In the fifth case, no apparent cause for the failure could be 
found. In the group of 35 patients in whom studies were carried out, 27 had 
carcinoma of the lung, 4 had inflammatory pulmonary lesions, 2 had bronchiec- 
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tasis, one had a large light iipiier lobe caiity of undetermined etiology, and one 
had beiylliosis and soi eio rheumatic licait dibcasc The j oungest patient studied 
was 37 yeais of ago and the oldest was 73 jcais of ago, with an average ago of 
61 years. With only a few exceptions, all ueie patients uith poor oi borderline 
pulmonary leseitc or associated caidiovascular abiioiiiialitics, 

IIETIIODS 

The proeeduie used was essentially that as prctiously stated in the first pub¬ 
lished article = Ilouever, with our eontinuing experience, ohanges in tcehnitiue 
haie occuricd with some alterations and refinements In the eailiei c\])Otiiiients, 
ue used a double lumen catheter with the recording lumen either juoxiinnl or 



cavit 

lumci 

ventj 

was 

Kenof 

the f 

roent 


'St of a GG-yeai-old man vith a large right upper lobe 
ly m the senes and t^^o catlieteis wcjc passed ; the double 
recording orlflcc distal to the balloon The second con- 
lliUtcrs of 35 per cent Diodrast 
ur minutes prior to this roont- 
■ be.iutifully demonstrated under 
defined by tbe time the above 


distai to the occUidiiig balloon. With tliis typo of catlietor, it was necessary to 
pass a second legular cardiac catheter into tiie pulmonary conus wlicii picssiiic 
lecordiiigs iioth proximal and distal to the balloon wcio wanted (Pig. 1). Re¬ 
cently, howeicr, no have been using a 125 cm. tiiplo lumen cardiac catlieler with 
rocouliiig luinimi both proximal and distal to the balloon (Pig. 2).® The use 
of tins single catheter luis greatly facilitated llio procedure (Pig. 3). " " 

•Obt.iined from US Catheter and Instrument Corporation, CJIons 
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earlier cases, it was at times very difficult to place the catheter selectively in the 
right or left pulmonary artery. As avc have gained more experience, however, 
this is much more readily accomplished. Catheterization of the right or left 
artery, selectively, has usually taken from ten minutes to one hour and fifteen 
minutes. In the last 10 cases, using the triple lumen catheter, successful place¬ 
ment has not taken longer than twenty minutes. In the earlier cases, 50 mg. 
of heparin was given as soon as the catheter was placed in the correct jiosition. 
However, this practice is no longer felt to be necessary and we have had no 
difficultA' with clotting. Once the cardiac catheter is in position and record¬ 
ing, the femoral artery is rapidly cannulated. All four channels of the Poly 
Viso eleetromanometer are thus utilized—one for tlie continuous olcctrocardio- 



">g. 2 .—Triple lumen, 125 cm., No, 10 Vj cardiac catheter n ith recording lumina both proximal 

and dietal to the occluding balloon. 

raphic tracing, one for pulmonary artery pressures proximal to the balloon, 
ne for pulmonary artery pressures distal to the balloon, and one for eon- 
inuous femoral artery pressures. With the catheter in position, occlusion of 
he arteiy could be carried out at will. 

We have abandoned occlusion of the corresponding main-stem bronchus 
with the Caiicus-Stille endotracheal catheter, since we have not felt that this 
procedure gave us any significant infonnation by the methods used. 

Technical Difficulties Encountered With the Method .— 

1. As previously stated, passage of the catheter into the desired position 
has been, at times, difficult. The double and triple lumen catheters cannot be 
manipulated with the same ease as the ordinary single lumen cardiac catheter. 
The triple lumen catheter is a No. lOV^ cardiac catheter and it has a recording 





Bs 

3—RoontRcnoKrani of clte«5t or a 73~year-oW iimn witli a cairfnoma of tlio Iuiik. 
The triple lumen catheter is in the left pulmonan’ aitcry. Nine milliliters of Diodrast was 
useil to Inflate the balloon before complete occlusion was obtameil as evidencc'l by the chann** 
in the contour of the distal traclnsr, the change in prossuro. and the alteration of the gas 
analyses (see Frg G). 

A., Catheter in left ptUmonary artery. B, Catheter in lobar arter 3 ’. 
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lumen both proximal and distal to the occluding balloon. With the use of this 
catheter we have been enabled not only to record pressure and obtain blood 
samples for gas analyses both proximal and distal to the inflated balloon, but 
also to inject substances distal to the inflated balloon. The occurrence of extra 
sj^stoles, as the large catheter impinges on the right ventricular wall, is al¬ 
most an invariable aecomi^animent. Ilowevei’, these arjythmias will dis¬ 
appear immediately upon moving the tip of the eathetc)-. Fui-thcr mention is 
made of this. 

2. While the balloon could be inflated wilh case with the use of 35 ])er 
cent Diodrast, withdraAval of the Diodrast Avhen it was desired to deflate the 
balloon was at times painfully sIoav, though always accom])lished. Betweem 
6 to 10 ml. of 35 per cent Diodrast Avas u.scd to inflate the balloon. Beihaps 
the use of Umbradil or Urokon Avould be better Avhen rotmigenogi'ams are de¬ 
sired. If roentgenograms arc not desired, infla1io)i.js aeco)npli.s])cd Avitli salijm 
solution and it maj^ be easily AvithdraAvn. 

CompUcations .— 

1. An elevation of the temperature Avithin one to three hours aftei- con¬ 
clusion of the procedure has occurred in approximately 75 to SO ])er cent of the 
cases. Chills have occasionally preceded the temperature i-ise. U.sually the tem¬ 
perature eloA-ation has been in the range of 101° to 102° F. but on tAVO occasions 
has been 105° P. In almost all instances, the temperature has returned to normal 
in one to four hours, and this complication has not been a serious ])roblcm. 
The cause fm- the tem])crature elevation is not immediately apparent. Blood 
cultures have been negative and .sti-ict a.septie teehni(|ue has been employed. 
Pyrogens in the infusion fluid may have been resjionsible but this reaction has 
not generally occurred after routine cardiac catheterization, and great earo 
has been taken to change the fluid at frec|uent intciwals. The po.ssihility that 
the occlusion of the Amssel might in some A\'ay be related to the pyrogenic re¬ 
action has been eonsidei-cd, but chills and fever have occurred in patients m 
Avhich the catheter could not be put in the correct position for inflation. Per¬ 
haps the one constant relationship Avas that chills and fever Avcrc more likely 
to occur in those eases in Avhich difficiilty Avas encountered in placing the 
catheter and repeated manipulation of the catheter Avas necessary. As stated, 
hoAvevci’, this complication Avas never of serious ])ro])ortions. 

2. Ycntricular extrasystoles occurred almost invariably during manipula¬ 
tion of the catheter as it passed through the j'ight Amntricle. Normal sinus 
rhythm immediately returned folloAving AvithdraAval of the catheter into the 
right auricle. Once the catheter was in position in the pulmonary ai tery, cxtni- 
.systoles did not occur. This complication Avas of no significance Avith the 
possible exception of one case in A\diich auricular fibrillation ensued as the study 
Avas completed. Rapid digitalization Avas accomplished and tAvo days later this 
patient underAvent an uneventful pneumonectomy. The case is presented in 
detail. 

Case Eeport.— AV. AV., G.H.U.P. 217719, a 66-year-old man, was admitted to the 
hospital with hemoptysis of four months’ duration. Eocntgenograms of the chest revealed a 
mass lesion in the right hilar area. Bronchoscopy was performed and a positive Papanicolaou 



Wlu^c LXILVTI nVL P^JLMO^ VKl \KFT OCCr b^ION 5 G 7 

w IS olit unul 1 Ik Mtjil iinl miMinum ])iO'ithmp: ('lplelt^ >\pre within oss(ntnlK 

iionnnl limits AC w is 1,3 ?(> pc (calctilitcd nnimal = nml AIPC was ‘K) L pur 

mmuto (calculated normal = 101> L pci minutr) Cathctciization studies were cained 
out The stu(h went well and rapidh iiid ivas completed in about one and one 1 ali hoins 
ihcrc were a few cxtrascstoles is the cnlhetci jiassed through the nglit \entricle but 
nothing unusu il Imm< Imteh following withdrawal of the caidiac cathetei, while the 
(ontinuous electrocardiogriphu tiacing was bung made it was noted that the patient 
suddcnlv btgan having auricular fibrillation Immediate digitali/ation w is cirned out and 
he v\ IS rapidlv controlled Fortv eight hourb later thoracotomv was peitormcd He was 
found to have a enrunoma of the Jung and motastases weie piesont iii the modiastinil 
h niph nodes A radical inioumonLctomv and excision ot the mediastinal noles in the liilum 
and along the trachea wcri. caincd out He withstood the operative procedure verv vrell, 
and his poj>t(per itive eouisi w is entiulv benign lie w is disjiargcd fiom the Iiospital 
VMthout digitalis, on the tenth postoperative div 

0 A Single m.njol coinplic«itum li«is oceunctl follouing tlic iiiocccliue AI 
though thoie is icasonable doubt as to whcthei it was a diicct icsult of tin 
pioccdiuc, it IS nonetheless consulcied ns a coniphcalioii The case is piescntod 
in ddail 

CvSE RniOPT—GHT jP 224OO0 A GSvciroll man was admitted to the hospit il 
vMth severe dvfepnen and iccniring bouts of c'anosis The patient was v'cll and cam 
mg on his occupation of u garbage collector without nnv difhcuUv until foui months 
jirior to admission At that time, while loading a trucl he suddcnlv bceamc extumoh 
short of breath, began to perspire profuseh and had cverc pain in the lower chest and 
upper abdomen He was immecliateh tal cn to a hospital t New here where he was note! 
also, to be cvanotic He was placed in an owgen tent and tioilid supportiveU with onlv 
minimal improvement He was transtcried to the Graduate Ho pital of the TJnivcrsitv 
of Pennsvlvania approximatelv ten davs ntter onset of his illness Examination at this 
tinie rove lie I an aeuteU lU man who became sevorelj ths,pncic and cvanotic on 
onlv slight exertion Uncontrolled auricular Jibullation was present There was cardiac cn 
laigement and an apical svstolic murmur, felt bv the caidiologists to be consistent with 
a diagnosis of rheumatic heart disease with initial uisufhcienev Roentgenograms of the 
chest, in addition to revealing cardiac enlargement showed obliteration of tlie right 
costophrenic sulcus due to a small effusion or a pleural tlncl eiung and a fine nodular in 
filtration throughout both lung fields In view of the clinical Instorv of breal ing 
lluoresceiit lamps in the garbage, it was felt that the pulmonaij changes) were coni5i''tent 
with a diagnosis of berjlliosis 

Since there was no history of rheumatic fever and since chamber anahsis of the 
heart revealed not onlv a left auriciilni cnlaigcment 1 ut aNo an enlargement of all cardiac 
chambers, it was felt that the cardiac findings might also be on the bisis ot the pulmonary 
patholog} or perhaps on the basis of some congenital defect ^tiilus pirfomied wore as 
follows Hie PPD test was negitive The iodine upt il o was norm il lie timed vif il 
capacity was 8S per cent of normal Blood gas an ilj,»es from the femoral arter;> rtve lUd a 
pCO of 43, an arterial O, saturation of S3 pei cent md a pH 43 Intercostal pulmoiian 
biopsj was earned out and revealed marled eonge‘*tion Ihe specimen v'os analvzed for 
Ijer^ llinm content and this w ns found to be sigiiificantlj elcv ated lioutine car line cnllicti i 
iration was requested primanh to determine the presence of a possible congenital anonialv, 
but IB view of the pulmonary findings it was ftlt that '•tudiL'' proximal and distal to an 
occluding balloon in the pulmonarv arterr might be reve ilmg (Fig 4) 

Cardiac catheterization was earned out nme davs after digit ihzation wa« institutol 
although at the lime of studv the heart was still fibnllatmg A S double lumen car< iiit 
catheter was rapidh passed through an arm vein into tic right pulmonarv arterv am i 
second Iso 3 cardiac catheter was pas«td into the piilmouarv conus m oner to a ow or 
recordings both proximal and distal to the occluding balloon ‘Studies w« re f len nia« o wit i 
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the hiillooii occluded (sec Ixdow), and tollowiusr completion of Ihi',, the lontine incssuios 
and blood ‘-ainples ^\eiG taken iiom the pulnioiiar\ arten, light \cntiicle, light auiiclc, 
and supeiioi ^ena ea\a. Theie v. as no cMdence of congenital aiioinal^ eithei lioin the 
passage of t}tc cuthctoij oi ftoitt tha lesnlts Stiidies f?uk lioi\e\eij ie\eal a inaiked ele\a- 
tion of the puln^onal^ capillai^ picssnies and ele\ation of both the piitnionar\ aiteii and 
light \entiicnlai piessiires. 

Pnlinonaiv capillarj picssuic =; bO/40 - collected mean lO 

Pulnionai_\ aiter\ = SO/lo - collected mean 2S 

Ifiglit ^entllcle = 74/10 - collected mean 24 

Right aniiciilai = 20/S - collected mean 8 

Supeiioi leiia ca\a = eoireeled mean 10 

The findings ^^elc felt to be consistent i\ith se\eie initial stenosis. 

The stud\ took one honi and foit>-ti\e minutes and, although the patient peispued 
lathei piofiisel} duiing it, he toleiated it iielk Tkeie was no appieciable elevation of 
the teinpeiatnie iminediatelv posteatheteii/ation, and lie was able to be up and about soon 
after leturiiing to his bod. About twelve liouis aftei cathetei i/atioii, in the middle of the 
night, he fell out of bed and, on evamination, was found to have a light sided hemiplegia. 



Fig 4—Catheteiization studies on a 38-yeai-old man with berylliosis and severe mitral 
stenosis The right pulmonaiy a’tcry (RP\) was ocoluded by the balloon The upper tracing 
IS from the pulmonary artery, the lowei from the femoial arteiy (FA) In this instance, 
proximal and distal pressuies v\ ere made on the same channel Note the change m the 
chaiactei of the tracing as recorded distal and proximal to the occluding balloon Note that 
the mean pressuies both proximal and distal aie essentially the same 

He wms seen by a neuiological consultant who felt that he had had a eeiebial vmsculai 
accident on the basis of an embolic or tluombotie episode involving a branch of the middle 
eeiebial aitery. He was placed on heparin and inipiovement gradually occuiied. After ap 
pioxiniately three months, good function letuined to his right leg, but the upper extiemitj 
remained impaired. 

AYliile it is questionable whether or not the catheterization was related to 
the subsequent episode, we nonetheless feel that it should be considered as 
a complication. He peispired profusely dming the procedure, and it is con¬ 
ceivable that hemoconcentration occurred with an increased thrombotic tend¬ 
ency. AYe feel the study was justified and, as a result of it, the diagnosis was 
established. 
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RfSUHb \M) DISCU&S10\S 

Oiu iiucsligntioiis utilising this method of stiulv ]m\e hetn along two 
gciicial lines (1) stnd\ of lung fimUion ^lul pulmonan phjsiologj and (2) 
the stud^ of pulmonai\ enihohsm, Avhicli is discussLcl in detail elsewhere ” 

A Puhnonanj Aiicnj PicssinC'* —Occlusion of the light oi left pulinonan 
nitoii was earned out m this gioup of patients foi hetweeu twenty and s]\ti 
minutes, with an a\ciage occlusion time of forte minutes Ao attempt was made 
to continue occlusion foi longei than one houi In some cnscs occlusion would 
he Ctiiiied out iii a lohai aiteii foi twciiti minutes oi moic and then the balloon 
■would he deflated, the c ithctci genth inthdiawn into the main hiaiuh of tlic 
pulnionaij aiten, and the balloon again inflated foi twenty to twcntyfi\c 
minutes 



. * . i.« i.-i 1 <5n'?f'vinod Incrcmrnts in nnin 

1 ig- 5—Result*! of pressure studies In " i iticnts who Inl Jpad folloninf: rcsootion U 
jmlnionfiry arterj pressure following occlusion ml wlo are folIowinET occlusion 

therap> The a\eragc ^alue and the extremes arc J,hown T 1 c mcionreni lu 

m this group of patients a^e^agcd 8 mm Ht, 


The usual lesiioiisc to occlusion of the pulnionan aiteiy to the light oi 
left lung has been a tiansuiit lucicase of aiouiul 4 to S mm Ilg m the m iiu 
pulnionaiy aiteij, and a letuin to pic occlusion levels withm ten to twontv 
minutes The impoitinec of a icsting clc\ntion of the imin piilmomm uten 
piessuio and a sustained iiicieiiient folloumg occlusion uas enipliasi7ed In Cai 
lens and his associates* ^ and iii oui e iilier repoit ” The sigiiificsiico of tlmse o i 
soiialioiis uas> leceiitlj fuitliei emphasi/ed in the suhsequent lepoit u 

and his associates * In lepoiting on lOO patients ciicfulh studied an o one 

foi till GO to foul jeais thej found tint in tlieii eiitiii senes the mean lestiiv 
piesbuie avas between 18 and 10 iiim Ilg wlmh tliia coiisideicd to le wit iiii 
the uppci limits of noimal a allies Tliej aacio ihle to diaidc thou patients in 
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the pulmonary capillary pressure, and since the pulmonary capillaiy pressure 
is generally held to be essentially the same as the pulmonaiy vein and left 
auricular pressure, then it becomes apparent that, even at rest preoperatively, 
this patient was having some degree of left heart strain. 

Blood gas analyses di.stal to the occluding balloon in a lobar artery have re¬ 
vealed blood completely saturated with oxygen (Fig. 8). Actually, the distal 
sample invariably has had a higher oxygen content than the brachial ai’tery and 
the pulmonary capillary sample. That this complete saturation is due to a long 
equilibration time between ventilated alveoli and stagnant capillary blood is 
indicated not only by the fact that the oxygon saturation exceeds that in the 
.systemic circulation but also by the very low pCOo. As Brofman states,®’" 
presumably distal to occlusion retrograde flow and oxygenation of blood is 


pCOa =42 
pH = 7’36 
O 2 sat.= 93 % 



\ 



Fig. 8.—Analysis of the blood gases both proximal and distal to the occluding balloon 
■which in this instance 'vvas piaced in a lobar arterj'. The .distal sample was taken five 
minutes after occlusion. Xote tliat the oxygen saturation exceeds that in the femoral artery. 


taking place very rapidly. We feel that these studies supply further evidence 
that no precapillary anastomosis exists between the pulmonary and bronchial 
circitlations and would appear to refute observations that bronchial artery 
flow, following pulmonary arteiy occlusion, increases as a result of a fall in 
pulmonary capillaiy pressure. 

SUMMARY AXD CONCLUSIOXS 

Unilateral pulmonary artery occlusion has now been carried out in almost 
300 patients by various groups employing this method of study Avithout mor¬ 
tality, nor any serious sequelae other than that reported by us. While it is a 
difficult and arduous study, and certainlj’- not applicable for use as a routine 
method of immstigation, it has proAmd to be Amry Amluable in those borderline 
cases, particularly in patients Avith tuberculosis, A\diere there is some question 
AA’liether the patient’s resection tolerance Avill be exceeded. While in our gaaoi 
studies Ave liaAm been reluctant to AAdthhokl operation on the basis of positiA-^e 
findings in the study, it noAV seems clear from the collected experience that 
this Avould be justified and is even indicated, particularly in those patients 
not haAung malignant disease. Even in those having malignant disease, Avhen 
the findings have been positive, an operation has had little to offer. In this latter 
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situation such studies as these would, howcvci, indicate the inipoilnncc of doni" 
a lohectomv lathei than a pnounioncctomv in caieinoma, pio\id(d it is tca- 
siblc, when theic is evidence tli.it the icscction tolti.ancc of the patient would 
not he able to stand a pneunioncetomv The paitieiiJai /indinsr which lias been 
univcisalh obtained and which has indic.ntcd uncqiiivoeally a pooi piognosis 
has been that ot an elevation of the icsting pnlnionnry aitcn piessuie witli a 
sustained inciemcnt following occlusion Lven il the jesting pressiuo is not 
elevated, a sustained ineiemcnt following occlusion has shown a pool piognosis 
A study of the picssuios and the gas analjscs distal to the occluding 
balloon has also yielded positive infoimation with icgaid to tlic paticnt^s 
abilitj to withstand pulmonai> icsection In addition, this tjpc of stud> has 
also indicated that thcie ate no piec.apillaiy anastomoses between the pul 
nionan .and sjstemic ciieulations AVc feci that tins method of study has gicat 
possibilities 111 the study of lung function, pulmonaiy \nsculai anatomj, and 
pulmonaiy embolism TIic lattei phase of this pioblcm is under investigation 
by us and is being lepoi ted in det.ail clsewhcie 
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OXYGEN AVAILABniTTY TO THE BRAIN DURING INI^LOW 
OCCLUSION OP THE HEART IN NORMOTHERMIA 
AND HYPOTHERMIA 

SAiAiuEL Kaplan, j\I.D. (by iiwxtation), Edward C. IHatthews, j\I.D.'"- (by 
invitation), Louis Schwab, M.D. (by inyitation), and 
Leland C. Clark, Jr., Ph.D. (by invitation) 

Cincinnati and Yellow Springs, Ohio 

M ANT' of the surgical techniques used in the therapy of intraeardiac 
anomalies under direct vision depend on the application of either one or 
the other of Uvo principles. These are: (a) the low flow rate or azj'^gos 
principle based on the fact that tlie function of vital orgai^s can he icmporai'ily 
maintained on a cai’diac output much I’educed from normal,^ and (b) the re¬ 
duction of metabolism induced bj"^ hypothermia which lowers the oxygen re¬ 
quirements of the body thus permitting tcmporaiy occlusion of the circula¬ 
tion.- The application of either of these methods necessarily reduces the 
oxygen availability to vital organs. The purpose of this study is to determine 
the degree of change in oxygen availability to the brain during low flow rates 
and during hypothermia until temporary interruption of the circulation. 


JIETHOD 


The oxygen availability to the brain was measured by the polarographie 
technique which depends on the reduction of oxygen at a suitable cathode. 
If this cathode is maintained at about -0.6 volts with respect to a nonpolariz- 
able anode, the current which flows, as oxygen is reduced, is proportional to 
the oxygen content of the tissue. IMongrel dogs weighing between 9 and 18 
Kg. were prepared by the insertion of a platinum or gold cathode into the 
parietal lobe of the brain. The platinum electrodes consisted of 26-gauge 
platinum wire insulated in glass and having a 3 mm. exposed tip.® Gold 
cathodes were constnieted from 26-gauge nylon insulated copper wire with 
an exposed tip of 5 mm. which was silver plated and then gold plated. These 
cathodes were left in situ for five to fifteen days before the experimental pro¬ 
cedures to be described below were carried out. A silver chloride reference 
electrode placed subcutaneously was used as the anode. A variable shunt was 
used to compensate for variations in current flow from the cathode. The cur¬ 
rent flow resulting from the reduction of oxygen was continuously recorded 
with a direct writing suspension type photoelectric galvanometer. 
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The animals were anesthetized ndth intravenous sodium pentobarbital 
(25 mg. per Kg.). The gas mixtures, described later, wore given through a 
closed endotracheal system. Continuous records of brain oxygen availabilitj' 
were started soon after the induction of anesthesia and continued for the dura¬ 
tion of the experiment. A thoraeotom 5 ’^ rvas performed through the right 
fourth intercostal space and the superior and inferior venae cavae and the 
azygos vein were isolated. Temperatures were recorded from the rectum, 
right auricle, and brain. A thermistori with a long lead was threaded through 
the femoral vein to the right auricle. Brain temperatures were obtained by 
inserting a thermistor mounted in a 20-gauge needle into the brain on the 
contralateral side to that of the cathode. The effects of low flow rate on the 
brain oxygen availability were then tested by occlusion of the inferior vena 
cava and superior vena cava ccphalad to the azygos vein while the animal was 
being ventilated with 100 per cent oxygen. After a suitable recovery period, 
with total circulation intact, the animals were manually ventilated in sequence 
TOth 21, 10.27, and 4.91 per cent oxygen in nitrogen allowing a return of the 
brain polarographic record to a stable base line following the administration 
of each gas mixture. The carbon dioxide content of the above gas mixtures 
was less than 0.04 per cent. 

A hypothermic state was then induced by extracorporeal cooling using the 
pump described by Clark and his associates.® The pump was filled with com¬ 
patible donor blood containing 20 to 25 mg. heparin* per litei-, The subject 
was given 1.0 mg. heparin per Kg. prior to extracorporeal circulation. Blood 
was obtained from one femoral artery and circnlatod through a stainless stool 
coil immersed in ice water. The cooled blood was returned to the arch of the 
aorta through a catheter inserted into the otlier femoral artery. Bj’ this 
method the brain temperature was reduced to about 28° C. in eleven to twenty- 
three minutes. The rate and degree of fall of temperature in the three .sites 
measured was closely parallel. In the hypothermic state, oxygen availability 
to the brain was measured during complete circulatory occlusion and during 
the administration of the gas mixtures described above with an intact circula¬ 
tion. All animals were sacrificed after termination of the experiment. 

RESULTS 

The results of the above experimental procedures are presented graphically 
in Figs. 1-4. Oxj-gen availability to the cathode which reflects brain o.xygen 
availability is expressed as a percentage change from control levels. In all the 
graphs the heavy interrupted line indicates the mean change in oxygen avail¬ 
ability and the shaded area represents the range of variation. Pig. 1 shows the 
change in oxygen availability to the brain during low flow rates in normo- 
thermia in which the superior and inferior venae cavae were occluded tem¬ 
porarily with the azygos vein intact. It represents eight e.xpcrimcnts carried 
out in 5 dogs. AVithin fifteen seconds after venous occlusion oxygen availabilit}’ 
begins to change and is reduced to about 55 per cent of the control level at the 
end of one minute. Thereafter there is a more gradual fall to a relatively 
steady base line which represents a mean reduction of about 7f) ner emit in 


•The heparin in this project A\as kindly supplied by The Upjolin C 
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oxygen availability. This level is reaciied in about four minutes. When nor¬ 
mal venous return to the heart is rc-cstablishecl the events follmving venous 
occlusion are reversed -vvith an abrupt and rapid rise followed by a slower 
gradual rise toward the control levels. 

In an attempt to obtain an in vivo calibration of brain oxygen availability 
the normothermic animals were ventilated with gas mixtures containing vary¬ 
ing amounts of oxygen. Fig. 2 indictates the percentage change in oxygen 
availability to the brain during the ventilation with gas irrixturcs containing 
21, 10.27, and 4.91 per cent oxygen with an intact circulation. The similarity 



Fiff. 3.—Per cent of change in oxygen availability to the brain in hypothermia during complete 
circulatory occlusion. Brain temperature, 2C.5'’ to 29.5® C. 

between the curves resulting from the breathing of 10.27 per cent oxygen and 
that resulting from low flow (azygos flow) is apparent. In both instances there 
is an immediate and rapid reduction in oxygen availability which stabilizes 
to a mean value of 70 per cent or less of the control reading within a period 
of about four minutes. The return toward control levels is immediate when 
the animals are allowed to breathe 100 per cent oxygen with the circulation 
intact. 

Fig. 3 shows the change in oxygen availability to the brain in hypothermia 
with complete inflow venous occlusion. This graph represents nine expon'ments 
in 5 dogs in which the brain temperature varied from 26.5° to 29.5° C. Im¬ 
mediately after total inflow occlusion there i.s a 2 'apid fall in brain oxygon 
availability with a mean decrease of 86 per cent from tlie control level after a 
poiiod of aI)Out four mimite,s. Ocehision of the aoi'ta and pnlmonaiy artery 
during venous occlusion did not significantly alter the reading. Stability of 
the reading, after the fall of oxygen availability is complete, is indie,ited by 
the continuation of the mean curve (Fig. 3) in which, in one inst 
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occlusion was maintained for a period of ten minutes. Coincidentally, this 
reading fell on the mean. The return of oxygen availability toAvard control 
levels is rapid after restoi’ation of the normal circulation. It is notCAvorthy 
that the reading obtained during hypothermia Avith circulatory occlmsion is 
only 10 per cent higher than the ba.se line obtained from the brain of the dead 
hypothermic animal (Fig. 3). 





Fig. 4 .—Comparison of changes in oxygen avaiiabiiity to the brain in iiypothermia during 
complete circulatory occlusion and during ventilation with 21, 10.27. and 4.91 per cent o,xygon 
in nitrogen. Brain temperature. 2G.o° to 29.5° C. 


Fig. 4 shoAvs the change in oxygen availability to the brain in hypothermia 
dining ventilation AAith 21, 10.27, and 4.91 pei- cent oxygen in nitrogen as 
compared with the reading obtained during cireulatoiy occlusion in hypo¬ 
thermia. It is notable that the reading obtained during circulatory occlusion 
is somcAvhat loAver than that obtained during the ventilation Avith 4.91 per cent 
oxygen. In both instances there is an immediate and rapid reduction of oxygen 
availability. The return toAvard control levels is immediate Avhen the animals 
are alloAved to breathe 100 per cent oxygen Avith the circulation intact. 
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DISCUSSION 

Tlie electrical output of the polarographic cathode is a function of the 
oxygen available in the immediate environment of its active tip. Thus, this 
cathode will measure oxygen brought to it both by free diffusion of the gas and 
by mechanical fluid transport. “With such a cathode situated in the brain, 
availability of oxygen to the cathode reflects local brain oxygen availability. 

The change in oxygen availability to the brain during temporary occlusion 
of the inferior vena cava and superior vena cava eephalad to the azygos have 
been described (see Fig. 1). It is noted that although there is uniformly an 
abrupt fall in oxygon availability to the brain after venous occlusion, the 
degree of fall and the return to control levels is variable. This variation could 
be explained on individual differences in the depth of anesthe.sia and the degree 
of reduction of the cardiac output. During occlusion of the infei’ior vena cava 
and superior vena cava eephalad to the azygos, the cardiac output depends 
primaril 3 ’ on the venous return through the azj'gos vein and the coronary 
venous system. Because those two fractions are variable, the cardiac output, 
although markedlj' reduced in all instances, is also variable. 

Although the oxygen availability to the brain during low flow rates 
(azygos flow) and during ventilation with 10.27 per cent oxygen in normo- 
thormia are similar, it is appreciated that the dynamics of cerebral eireulation 
are not comparable during the above two circumstances. In the former the 
brain is perfused with a low blood flow containing a high tension of oxygen, 
whereas in the latter, it is perfused with a high blood flow® at low o.xygcn 
tensions. Despite this variability in cerebral hemodynamics in the above two 
oircumstanoes, these o.xperiments indicate that the oxygen availability to the 
brain is nevertheless comparable. 

A comparison of the changes in oxygen availabilitj* to the brain during the 
breathing of various gas mixtures in normothermia and hypothermia is of 
interest. In general, there was a larger and more rapid decrease in oxj-gen 
availability during the breathing of the same gas mixture in normothermia 
as compared to hypothermia. Also during the breathing of 4.91 per cent 
oxygen in normothermia, hyperventilation occurred after a period of about two 
minutes which necessitated the rcinstitution of ventilation with 100 per cent 
oxygen. In hypothermia, the animals were ventilated for three to flve muuites 
with 4.91 per cent oxygen ivithout the appearance of hyperventilation. This 
clinical sign is inteipreted to be the rc.sult of hypo.xia. Since these experiments 
indicate that there is a marked reduction in brain oxygen availabilitj' in tiio 
hypothermic dog breathing 4.91 per cent oxj'gen although the clinical signs of 
hypoxia are not apparent, the possibilitj- is raised that hypothermia maj' mask 
the signs of hypoxia. 

It is noted in Pig. 3 that a small current flow is still detectable in the brain 
of the dead hjTpothermic animal. Tliis may be duo to minute amounts of 
polarographically active material, for example, iron or redox active substances. 

In ritro experiments have shown that the current flow from a bare platinum 
cathode exposed to the same tension of Oxygen in saline solution may be in¬ 
creased fivefold or more if the saline solution is agitated (stirring c"' ■'). 



582 


KiVPLAN, MATTHEWS, SCHWAB, AHD CLARK 


J. Thorncic Sure. 
November, 1956 


is not known whether this effect occurs during the measurement of tissue 
availability. Experiments are in progress to compare the oxygen 
availability in the brain vdth cathodes described above and with cathodes un¬ 
affected by stirring with which quantitative determinations of tissue oxygen 
tension may be made. If a stirring effect occurs in tissues, one of the factors 
which would influence it would he the movement of blood and interstitial fluid 
in the environment of the cathode. A reduction of cerebral blood flow may 
conceivably result in an abnipt drop of oxygen availability while tissue oxygen 
tension falls at a slower rate. The relative importance in cerebral metabolism 
of brain oxygen availability as oppossed to brain oxygen tension warrants 
further investigation. 

It is appreciated that brilliant results have been obtained by the use of 
low perfusion I’ates or hypothermia during the surgical therapy of intraeardiac 
anomalies under direct vision. These experiments indicate that in either cir¬ 
cumstance, oxygen availability to the brain is significantly reduced. It is 
possible that the protection afforded to the brain by hypothermia may not 
depend only on a decreased oxygen need. Furthermore, the reduction in 
oxygen availability in association Avith extremely low flow rates (azygos flow) 
may approach levels onty slightly in excess of those I’csulting in brain hypoxia. 


.SUMjMABV 

A. Oxygen availability to the brain of dogs was measured polarographically 
during the following conditions: (a) temporary occlusion of the inferior vena 
cava and superior vena cava cephalad to the azygos vein (azygos principle), and 
(b) circulatory occlusion in hjqiothermia. 

B. In normothermia, the oxygen availability to the brain drops precipitously 
after occlusion of the inferior and superior venae eavae with the azygos vein in¬ 
tact. It reaches an average level of 70 per cent below the control in a period of 
about three minutes. 

C. The oxygen availability curve described in B is most closely reproduced 
by the breathing of 10.27 per cent oxygen. 

D. In hjqjothermia with complete circulatory occlusion, the oxygen avail¬ 
ability to the brain falls rapidly and precipitously to an average level of 86 per 
cent below the control. 

E. The oxygen availability curve described in D is most closely reproduced 
by the breathing of less than 4.91 per cent oxygen. 
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THE EFFECT OP SOMATOTKOPHIN ON VBNTBICULAE 
FIBRILLATION OP ARTEEIOCLUSIVE AND 
HYPOTHERMIC ORIGIN 
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(b\ invitation), Gordon A Munko, MD* (b\ imttation), S Rothman, 
PhD ** (by invitation), and Robert M Hill, PhD ****■ (b\ invitation) 
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V ENTRICULAR fibiillation belongs to the most serious accidents which 
occni Ill the eonise of anesthesia or opciation If untreated and if 
irioveisible, it leads shortly to death 

Bovine somatotiophint was administeicd to a senes of dogs piioi to the 
attempted induction of ventricular fibrillation b} right ventiiculotomj under 
hypotherniic conditions or bj one stage eoionaij aitcij ligation in normothermic 
animals Undei eontiol conditions such heaits fibnllate leadilj However, 
those animals which had been premedicatcd were lemarkablj lesistant to 
flbiillogeme stimuli Tins e\peiience leads us to believe that the mechanisms 
pioducing fibiillation maj be modified on a metabolic level The earlj local 
metabolic deiangements pioduced bj mjocardial iiifaiction aie of special 
interest because of the production ot ventiiculai fibrillation 

Bigelow* and his eo vvorkeis showed that the metabolic rate of dogs cooled 
to 20° C (rectal tempeiature) is about 15 per cent of metabolic late of eontiol 
animals Puither studies by Bigelow* demonstiated that venous inflow occlusion 
could be undertaken for peiiods up to 15 minutes without demonstrable 
damage to the heart or cential neivous svstem in those animals which siuvivcd 
the piocedure, hovvevei, about one half of his animals died of ventricular 
fibi illation during the experiment 

Since that time an enoimoiis numbei of expeiiments wuth intiacaidiac 
operations undei hjpotliermia have been pci formed Duiiiig tlic past few 
3 earn a growing numbei of opeiations on human subjects have also been caiiicd 
out 

Senning* suggested that ventiicnlar fibiillation might bo used as an ideal 
state in which to opeiate at iioimal body tempeiature in connection with 
evtiacorpoieal circulation If the blood supply to the lieait icmains adequate, 
ventricular fibrillation is usuallj easy to icveise, both as logaids expeiimontal 
opeiations on animals and operations on roan (Senning,'* Helmswortli and his 
associates,* Glenn and Sewell') Ventiiculai fibrillation has also been said to be 
equall 3 useful with extracorporeal ciidilation as well as combined with h 5 po 
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thermia (Jnvenelle and co-workers," Senning®), Ventricular fibrillation has also 
been recommended to facilitate intracardiac operations during hypothermia 
without combination with extracorporeal circulation; in this case, air embolism 
occurring in connection with the closure of the heart and resumption of the 
circulation is said to be pi’evented. 

However, most surgeons have considered it advisable to avoid ventricular 
fibrillation if possible, without courting the hazards of electrical or chemical 
defibrillation. In studies regarding ventricular fibrillation, methods have been 
investigated to avoid this complication, and from them more definitive ideas 
I’egarding the nature, causes, and metabolic consequences have been discovered. 

klontgomery and his co-workers,® while recognizing tliat it is currentlj" 
impossible to characterize ventricular fibrillation at the cellular level, pointed 
to the increasing body of knowledge sti’ongly implicating potassium maldis¬ 
tribution. 

Not only is the occurrence of ventricular fibrillation in the hypothermic 
myocardium of direct practical concern to the surgeon, but the occurrence of 
fibrillation in ischemic m3’'ocar’dium from any cause is becoming of increasing 
surgical significance. Here again, potassium which is liberated from such 
ischemic muscle is the factor upon which definite evidence from a variety of 
experiments converge in unequivocal manner. If potassium is injected into 
a coronaiy artery of a dog with continuing circulation, it produces ectopic 
aetivitJ^ Ischemic ventricular mjmeardium releases potassium in quantities 
sufficient to elevate the potassium concentration in the coronaiy venous blood 
from the ischemic area. Positive correlations can be demonstrated to exist 
between the periods of major elevation of potassium concentration in the muscle 
samples, and the periods of most intense ectopic ventricular activity. The 
potassium concentration in these samples decreases to approach the control 
levels at times which correspond approximately to the times when ectopic 
acth'itj’- in the infarcted area disappears. The potassium content of infarcted 
muscle is greatly reduced at those times. Thus the evidence is overwhelming 
that loeallj^ liberated potassium is an excitatorj^ agent for the remaining healthy 
myocardium (Harris^®). 


JIETHOD.S 

Two groups of experiments are presented; those concerned with the effect 
of somatotrophin on ventricular fibrillation in hypothermia, and those concerned 
with the effect of somatotrophin on the fibrillation occurring consequent to 
ligation of a coronary artery. 

The first group of experiments were carried out as follows. Mongrel dogs 
were placed in an ice-water bath after being deeply anesthetized with intra¬ 
venous sodium pentobarbital (30 mg. per Kg.) to prevent shivering. Following 
tracheal intubation, the dog was h.vperventilated with pure oxygen. When 
29° C. rectal temperature was obtained, the dog was removed from the bath; 
a further drop of 3° to 6° C. of temperature occurred. Using aseptic technique, 
a right anterolateral thoracotomy incision was made through the fifth inter¬ 
costal space. After entering the right thorax the azygos vein was ligated, 
pericardial sac opened widelj^ and both venae ca%^ae were occluded. 
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Number 5 

In an initial seiics of expeiimeiits, the ascending aorta ivas occluded Mith 
a noncrushmg clamp about 2 5 cm distal to the coionaij ostia A contiol 
series of dogs icceiied iniections of saline solution The experimental gioup 
lias tieated as follows One hundred Choaj units of somatotiophiii (one Choaj 
unit equals 02 05 Evans units) was admiiiistcied hj ooionaij perfusion In 
an uiitial group of 5 dogs, no effect upon the onset of lentneulai fibiillation 
could he demonsti ated following right \ entriculotomy 

In a second group of 5 experimental dogs, 100 units of somatotiophiii 
wcie given intiai enously immcdiatcl 3 befoic occlusion of the venae eaiae was 
earned out This substance had no effect on the preiention of fihi illation 
following right i entriculotomy in this gioup 

The thud expeiimental gioup reeeixed 100 units of somatotrophin 12 
houis pieopeiatiiely and 100 units 4 lioiiis pieopeiatiielj hj mtianiusculai 
injections Oontiol animals lecciied injections of saline solution Following 
the institution of inflow stasis a 5 to 8 cm incision was made in the right 
icntiicle Aftei filling the heart with saline solution to pieient air embolism, 
the lentiieiilai wall was sutuied The total occlusion time laried from 5 to 
15 minutes, the axeiage being 10 minutes 

Restilts Right leiitrieulotomj is a fihrillogemc stimulus in the cold dog 
Of 23 control dogs, all incurred fibiillation duiing ventriculotora} manj of 
these animals developed fibiillation with the initial stimulus In those dogs to 
which somatotiopliin was admiinsteied b) coronarj perfusion oi to which it 


Table I SoUMArx of Dvta HTPOTnErwic Dors 

EIOIIT VEMRICDLOTOMY AS A IIBIILLATOFY STIMltl US 


1 

NOMBET 

BOGS 

j \ENTriCrLL\P 

1 HBnilATION i 

PESUSCITATION 

Control 

23 

o 

0 of 23 attempts 

Sountotrophin, 100 units I V 5 minutes 
prior to infloiY occlusion 

5 

5 

0 of 3 attempts 

Somatotropliin, 100 units lij coronary 
perfusion immediatelj following lu 
flow occlusion 

5 

5 

0 of 3 attempts 

Premedication with somatotrophin, 100 
units 12 hours and 4 hours, pre 
operativelj 

32 

11 

C of 11 attempts 


was given intiavenoush 5 minutes hefoic the institution of vena caval occlusion, 
no protective effect against ventiiculai fibiillation was noted Among the 32 
dogs which had been premedicatcd with somatotiopliin, 100 units given 12 
honis and 4 houis picopeiativcly hj intramiisculai injection, 11 developed 
ventiieular fibiillation In 6 of the 11, attempts at dehbnllation and resus 
citation bj eleetneal shock weie successful 

Similai expeiiments weie canned out in expeiimental and conliol animals 
following ligations of coioiiarj artciics 

Method —jMongiel dogs were dccplv anesthetiFcd with intiavenous sodium 
pentobarbital (30 mg pei Kg) Follow mg tiacheal intubation, the dog was 
ventilated usmg the Phipps Bud lespiiafoi and room air Under stciile 
conditions, an incision was made in the touith left inteicostal space, and the 
pciicardiiiin was opened Thice expennieiits wcic earned out TF-ti-'.i. tlie 
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trunk of tlie left coronaiy artery, or the left circumflex coronary artery and 
the left anterior descending coronary branches were ligated close to their 
origins, or the left circumflex coronary was ligated. An attempt was made to 
spare the septal branch of the left coronary artery in all experiments save 
where the main trunk of the left coronary artery was ligated. 

ResttUs: These are summarized in Table II. In all 3 groups, all test 
animals were given 100 units of somatotrophin 12 hours and 100 units 4 hours 
preopei’atively by intramuscular injection. Control animals received saline 
injections. In some of the chronic studies, the animals were observed for 14 
days and then sacrificed. 

In Group I, the trunk of the left common coronary artery was ligated 
at its origin. In the control group of 3 animals, the average survival time was 
3 minutes. In the treated group of 8 animals, the average sumval time was 
13 minutes. 


Table II. Summaut of Data: Coronary Artery Ligations 



NUMBER 

1 


NUMBER SURVmNG/ 


OF 

VENTRICULAR 


TOTAL NUMBER 


DOGS 

FIBRILLATION 

RESUSCITATION 

60 min.| 24 nR.|14DAYS 


Occlusion of trunk of left 
common coronarj- artery 

Control 3 3 (survived 

3 min.) 

Treated 8 8 (survived 

13 min.) 


Occlusion of left anterior de¬ 
scending and left circumflex 
arteries 

Control 

Treated 

Occlusion of left circumflex 
artery 

Controls 

Treated (50 u.)* 
Treated (100 u.) 


12 12 
13 5 


0 of 12 attempts 0 0 0 

2 of 6 attempts 10/13 6/13 3/13 


15/28 10/28 6/17 
7/11 6/11 5/11 
18/21 13/20 9/20 


All treated _ 25/32 19/31 14/31 

*These animals received 50 units of somatotrophin 12 hours and 4 hours, preoperatlvely. 


In the second experimental group, the left anterior descending and the 
left circumflex coronary arteries were ligated close to their origins. It is 
seen that 12 out of 12 control animals showed ventrieular fibrillation, and no 
attempts at resuscitation were successful. In the treated group of 13, on the 
other hand, only 5 exliibited immediate fibrillation and 2 of the 5 could be 
defibrillated by electrical shock. Since this procedure was found to be a rather 
severe one because of the marked hemodynamie changes incident to devascu¬ 
larization of the left ventricle, it was felt that a less severe test and one which 
would demonstrate the effects of somatotrophin on the fibrillatoiy threshold 
would be achieved by ligation of the left circumflex artery. In this third 
group, no attempts were made at defibrillation. Death during the first 24 
hours can be attributed directly to fibrillation. 
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Pioteotioii bj the hoimoiic pieparation was seen in all e\peiiments "When 
the lesults ■si ere subjected to statistical analjsis, ii&mft sunnal at 30 minutes, 

1 hour, 24 hours, and 14 da'ss, protection uas found to be highlj significant 
(P<0 001) 

DISCUSSION 

The incieased iriitabilitj of the leiitricles in the Inpothermic dog has 
been obseived by seieial gioups of investigatois’ ” 

Su an and his eo u orhers'^ found that iv hen dogs ai c cooled to a rectal 
tempeiature of 25° 0 with inflow occlusion to the lieait, nianj animals incurred 
lentriculai fibiillation, espeeiallj when the occlusion of the venae caiae uas 
released The incidence of fibiillation nas a function of ventilator} late In 
the h}poventilated animals, it was 50 pei cent, in the hv pci ventilated group, 
8 pel cent The only significant diftcience between these two gioups was the 
blood pH In both groups, the plasma potassium was consistent!} low In 
the hypoveiitilated hjpothoimie dog, the renal cvcietion of potassium was 
several times gieater than would be lequircd to account foi the loss of e\tia 
cellulai potassium, indicating a loss of intiacellulai potassium in the lijiio 
theiinio animal with a low blood pH It was concluded that hjpeiventilation 
was a successful method foi ieducing the incidence of fibrillation m the cold 
animal 

Anothei apparent lelationship between fibiillation and potassium was 
demonstrated bj Swan and his associates'® Thev found that the fibiillating 
h-y-pothermic heart could rarel} be converted to normal ih}thm bv massage 
combined with eleotiic shook However, with the method intioducod in IflOI 
b} D’Halliim" and studied bj Hooker" according to which ventriculai fibiilla 
tion IS stopped with potassium chloride and icgular contiaetions lestored with 
calcium chloride both diiigs being perfused into the coronarj arter es, thej 
found that the fibrillation could usuall} be converted to iioimal ihjthm diicctlv 
or b} the use of electiical shock Frolilichei,'“ m 1945, introduced the use of 
acetylcholine for defibnllating a mammalian heart Fischer and Fiohlicher," 
in 1948, siiccessfiill} used adenosine tiiphosphonc acid (ATP) Jlontgomorv 
and associates® demonstrated that Piostigmm has a maiked antifibrillator} 
effect upon the ventiicular mjocaidium of the h}pothermie dog The h}po 
theimic mjocardium during rcspiiatorj acidosis increases m potassium, while 
the opposite obtains dining lespiratoiv alkalosis, that is, potassium balance is 
maintained During fibrillation the Inpothermic mvocardium loses potassium 

An evperiment suggesting a relationship of potassium to fibrillation was 
earned out b} Brown and Miller,'* who found a high mcidonco of fibrillation in 
dogs suddenl} changed fiom a breathing miMure containing a high conccntia 
tion of carbon dioxide to room an Similai cxpciiments vveie oaiiicd out bj 
Young, Seal}, Harris, and Botwin'* It was found that the scrum potassium 
rose as the pH fell when the animals wcie being ventilated with 20 poi cent 
carbon dioxide IVlicn the animals had been bicathing this gas mixture for 

2 to 4 houis, the} weic suddeiih allowed to bicathe looni an This maneuvei 
resulted in a lapid rise in pH, and the serum potassium at fii-st rose suddenl} 
to even higliei levels befoie beginning to fall towaid noim 1 T!jo*,animals 
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incurred ventricular fibrillation during the time of the abrupt I’ise in serum 
potassium. The varied data summarized here suggest a relationship between 
the distribution of intra- and exti’acellular potassium and ventricular fibrilla¬ 
tion. Somatotrophin has been demonstrated to be m.yogl.vcostatic; since the 
deposition and maintenance of glycogen stores entails stoichiometric quantities 
of potassium, such an agent might be important in maintaining a normal 
intracellular potassium balance. Such a function has been reported in the 
experimental hypothermic animal by Laborit and his co-workers.'"^® 

The results reported here show that premedication with somatotrophin 
of the hjqjothermie dog has a pronounced antifibrillatory effect. Further, in 
those instances in which fibrillation occurred, reversal of the fibrillation to a 
normal mechanism was accomplished in over one half of the attempts. This is 
in marked contrast to the ineffectiveness of re.suscitation in the control animals. 
The fact that the incidence of ventricular fibrillation in hypothermia is 
signifieantl.y influenced b.y the anesthetic agent emplo.yed was demonstrated by 
Covino, Charleson, and D'Amato.-^ However, in our studies the same anesthetic 
agent was used throughout in comparable dosage. 

Montgomery and associates® postulated that Adrenalin and .sympathetic 
impulses to the heart might induce or potentiate ventricular fibrillation. Calm 
and hlelon,®® in October, 1954, reported the use of Xylocaine blockade of the 
sinoauricular node to prevent ventricular fibrillation in dogs during hypo¬ 
thermia. Eiberi, Sidcrys, and Shumackei’®® have recently reported on the 
effectiveness of this maneuver utilizing procaine. Shumacker and his associates®"* 
have shown that bilateral .sympathetic denervation of the heart in hypothermic 
animals prevented fibrillation in all animals. Thus, interruption of nervous, 
precipitating factors may be as effective as measures directed to the metabolic 
level of the mj^eardium. Other techniques of accomplishing defibrillation have 
been well Imown for .some time (Bunneister®®> 

Ventricular ectopic activity following abrupt ligation of a coronaiy 
artery occurs in three phases (Harris,®®’®* Beck®®). The first phase has a 
duration of about 10 minutes. During this period ectopic activity develops 
in almost all animals and precipitates ventricular fibrillation in 30 per cent 
to 50 per cent of them. In the animals in which ventricular fibrillation does 
not develop, ectopic activity passes through a maximum and declines to reach 
a level of only an occasional premature beat or ceases completely within 20 
minutes or less after occlusion. Throughout these experiments all ligations 
were performed in one stage to avoid the two-stage phenomena. 

The second phase in the pattern of ectopic foci is a period of little or no 
ectopic activity following the first phase, or follovdng a two-stage occlusion 
by-pass of the first stage. This period, during whieh there are only occasional 
ectopic activities, may have a duration of 4.5 to 8 hours, the average being 
5 to 6 hours. With the introduction of the third phase there is a significant 
increase in the frequency of ectopic beats. The frequency of ectopic beats 
increases rapidly for the .succeeding 4 hours, and then more slowly. Ventricular 
tachycardia of high frequency thus is produced and may obtain for 2 to 4 days. 
Necrosis of the myocardium begins simultaneously with the beginning of the 
third phase. The* ligation of the left circumflex coronaiy artery was felt to 
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provide an adequate metaliolie situation to induce fibrillation without inviting 
the more severe hemodynamic eonsequcnecs of occlusion of the entire loft 
coronary arterj’. 

It is significant that the greatest degree of protection is seen in the periods 
of from 60 minutes to 24 hours following the ligation of the coronarj' vessels. 
This would appear to he explained hy the mctaholic events following the onset 
of myocardial necrosis. 

In the protective action in hypothermic dogs and in dogs following ligations 
of coronary vessels, a certain latent period is neoes.saiy before any protection 
is achieved. The protective action apparently endures in the ligation experi¬ 
ments for at least 24 hours. 

The mechanism of action of somatotrophin in producing these effects is 
unimown. It has been shown that the protein content in the bodies of hypopliys- 
ectomized rats increases when the animals have received treatment with growth 
hormone (Li^”). Growth hormone is a powerful protein anabolic agent as 
demonstrated hy experiments with sulfur-35-labelod albumin, in which the effect 
of growth hormone on the metabolism of plasma albumin was studied. It was 
found that growth hormone administered to the adult liypoph.vseetomized rat 
produces an acceleration of albumin s.\nithesis, increasing it by a factor of two 
or more (Ulrich*’). Certain it is that intracellular potassium increases with 
protein deposition, and tlie rate of potassium mobility across cellular mem¬ 
branes may vary with intracellular protein. It may be that cardiac muscle, as 
Gerard** has shown for the central nervous system, docs not depend on sugar 
and high-energy phosphate esters for quick energy release, hut rather depends 
upon the breakdown of lipo- and nucleoprotein. 

SUMMARY 

1. In a significant number of cases premedication with somatotrophin pre¬ 
vents the ventricular fibrillation which regularly follows right ventriculotomy 
in the hypothermic dog. 

2. In a scries of dogs submitted to various tyjies of coronary artery liga¬ 
tions, premedication with somatotrophin produced protection in all experiments 
to a highly significant degree (p<0.001). 

3. Both in the hypothermic dogs and in those subjected to coronary artery 
ligations, a latent period is required before any protective effect may be 
demonstrated. 

4. The mechanism of action of somatotrophin is unknown. All evidence 
points to activity on a cellular metabolic level. 
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incurred ventricular fibrillation during the time of the abrupt rise in serum 
potassium. The varied data summarized here suggest a relationship between 
the distribution of intra- and exti'acellular potassium a 77 d ventricular fibrilla¬ 
tion. Somatotrophin has been demonstrated to be myoglycostatic; since the 
deposition and maintenance of glycogen stores entails stoichiometric quantities 
of potassium, such an agent might be important in maintaining a normal 
intracellular potassium balance. Such a function has been reported in the 
experimental h;sT)othermie animal by Laborit and his eo-workers.^“ 

The results reported here show that premedication with somatotrophin 
of the hypothermic dog has a pronounced antifibrillatory effect. Further, in 
those instances in which fibrillation occurred, reversal of the fibrillation to a 
normal mechanism was accomplished in over one half of the attempts. This is 
in marked contrast to the ineffectiveness of resuscitation in the control animals. 
The fact that the incidence of ventricular fibrillation in hypothermia is 
significantly influenced by the anesthetic agent emplo.yed was demonstrated by 
Covino, Charleson, and D ’Amato.-^ However, in our .studies the same anesthetic 
agent Avas used throughout in comparable dosage. 

Montgomery and a.ssociates® postulated that Adrenalin and sympathetic 
impulses to the heart might induce or potentiate ventricular fibrillation. Cahn 
and Melon,in October, 1954, reported the use of Xyloeaine blockade of the 
sinoaurieular node to prevent ventricular fibrillation in dogs during hypo¬ 
thermia. Riberi, Sider.vs, and Shumacker”-’’ have recently reported on the 
effectiveness of this maneuver utilizing procaine. Shumacker and his a.ssociates®^ 
have shown that bilateral sympathetic denervation of the heart in hypothermic 
animals prevented fibrillation in all animals. Thus, interruption of nervous, 
precipitating factors may be as effective as measures directed to the metabolic 
level of the mj'ocardium. Other techniques of accomplishing defibi’illation have 
been well Imowm for some time (Biinneistcr-^’ 

Ventricular ectopic activity following abrupt ligation of a coronaiy 
artery occurs in three phases (Harris,-'-Beck-®). The first phase has a 
duration of about 10 minutes. During this period ectopic activity deA'elops 
in almost all animals and precipitates ventricular fibrillation in 30 per cent 
to 50 per cent of them. In the animals in which ventricular fibrillation does 
not develop, ectopic activity passes through a maximum and declines to reach 
a level of only an occasional premature beat or ceases eompletelj' within 20 
minutes or less after occlusion. Throughout these experiments all ligations 
were perfoi-med in one stage to avoid the rtvo-stage phenomena. 

The second phase in the pattern of ectopic foci is a period of little or no 
ectopic actmt}’- following the first phase, or following a two-stage occlusion 
by-pass of the first stage. This period, during which there are only occasional 
ectopic activities, may have a duration of 4.5 to 8 houi*s, the average being 
5 to 6 hours. With the introduction of the third phase there is a significant 
increase in the frequency of ectopic beats. The frequency of ectopic beats 
increases rapidly for the succeeding 4 hours, and then more sloivly. Ventricular 
tachycardia of high frequency thus is produced and may obtain for 2 to 4 clays. 
Necrosis of the myocardium begins simultaneously ivith the beginning of the 
third phase. The ligation of the left circumflex coronarj^ artery ivas felt to 
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l)io\Kle an adequate metabolic situation to mdnec fibiillation uitlioiit in\iting 
the mole soieie liemodinamic consequences of occlusion of the entne left 
coioiiaij artei-j 

It IS significant that tlie gieatcst degtce of piotection is seen in the periods 
of fiom 60 minutes to 21 horns following the ligation of the coionarj vessels 
This would appeal to be e\plaiiied In the inetaholie e\ents following the onset 
oi mjoeardial neciosis 

In the piotectne action in hjpothcimie dogs and in dogs follownng ligations 
of coionaij \essels, a ceitain latent iieiiod is neeessarj hcfoie anj piotection 
IS aehioied Tlie piotectne action apparcntU enduies in the ligation experi¬ 
ments for at least 24 houis 

The mechanism of action of somatotioplini in ]iiodiicing these effects is 
unknown It has been shown that tlie protein content in the bodies of hjpopliys 
cctomized rats increases when the animals haie recened tieatment with giowth 
hoimone (Li’”) Giowth hoimone is a poweifiil pioteiii anabolic agent as 
demonstiated hi expeiiments with sulfui 35 labeled albumin, in which the effect 
of growth Iioianone on the metabolism of plasma albumin was studied It wms 
found that growth hoimone administcicd to the adult Inpoplnsectomized lat 
produces an acoeleiation of albumin sjnthesis, nicicasing it In a factor of two 
or moie (Uliich’') Coitain it is that iiitracelUilai potassium incioases wntli 
protein deposition, and the late of potassium mobiliti acioss cellulai mom 
bianes mat laiy with intracellular piotein It mai be that cardiac muscle, as 
Goiaid’" has shown foi the eential iierious sjstem, does not depend on sugar 
and high enoigj phosphate estcis foi quick eneigi release, but lathei depends 
upon the bieakdown of lipo and nncleopiotcin 

SUMU VRV 

1 In a significant numbei of cases premcdicatiou with soniatotiojihin pro 
\ents the \cntiicular fibrillation which regularh follows nght icntiieiilotomi 
in the h 3 potheimio dog 

2 In a senes of dogs submitted to laiious tipcs of eoronan aitcij liga 
tioiis premedicatioii with somatotropliin piodiiced protection in all experiments 
to a higlilj significant degice (p<0001) 

3 Both in the In potheiiinc dogs and in those subjected to eoronan arfcrj 
ligations, a latent period is reqiiiied before anj protcctne effect max be 
demonstiated 

4 The mechanism of action of soniatoliophiii is unknown All ciidciicc 
points to actnitj on a cellulai metabohe lei cl 
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TOTAL BODY PERFUSION FOR OPEN CARDIOTOjVIY UTILIZING 
THE BUBBLE OXYGENATOR 

Ph\siologic Responses in Man 

Riohied a EpWall, MD * (bi iniitition), Herbert E Warding, MD ** (ui 
INv^TATION), Vincent L Gott, MD •*'' (e\ invitition), Riamond C Re\d, 
M D (di invitation), Richard L Vaeco, M D , and 
C Wanton Lildehei, JI D 
Minneipolis, Minn 

S INCE May, 1955, a simple disposable bubble’ " oxjgeiiator lias been utilized 
togethei with a pump in 80 patients to pemit intiacardiac reparative sui 
geiy iindei diiect vision by totally by passing the heart and lungs These pa¬ 
tients hai e imiged in ago fiom 4 wetiks to 38 yenis and in weight from 2 G Kg 
to 56 Kg A V aiiety of thiiteen types of congenital malfoimations oi acqnued 
cauliao lesions vveie found m these patients The detailed considerations poi- 
taining to these collective ptocediues aic the subject of otliei leports Heiein, 
it IS oni intention to present an analysis of the plivsiologic responses in the 
fiist 60 of these patients to then intcival of total canliopulmonarj bvpass 
at vaiious poifusion rates inoluding obscivations upon acid base alteiations, 
oxygen consumption lates, effects upon the clotting nieelianisni, lieniolysLs, 
and ai tonal piessuros 

Pievioiis expeiienee has indicated the usetuliiess of peifusions at flow 
lates consideiablj less than the full caidiac output’' and in general this con¬ 
cept has been the basis foi these pioceduies Moieovei, since the pump 
oxygenator utilized in these operations has the capacity to provide anv desired 
peifusion late jvithin the physiologic langc, and inasmuch as an optimum pei 
fusion rate for human beings is not known, these patients weie perfused bj 
intention at lates of flow varying from 26 to 60 c c per Kg of body weight 
pei minute to gam moie objective data on this impoitant consideiation The 
arterial peifusion rate selected for anj given patient was niaintaiuod thiough 
out the entile procedure, independent of occasional fluctuations of the venous 
retuin, by addition of blood to the extiacoipoieal ciieuit as needed Consc 
quently, the i espouses of the patients to a constant volume peifusion could bo 
studied m lelationship to that flow late 
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As total body perfusions often have been chai’acterized by the devel¬ 
opment of l)lood aeid-base alterations, our attention was directed particularly 
toward determining what factors contribute to these valuations. 


METHODS 

One hundred per cent oxj^gen was used in the oxygenator to artcriaUze 
the venous blood, and the carbon dioxide was allowed to escape freely from 
the blood on the theory that a respiratory alkalosis would tend to counter¬ 
balance to some extent any tendency towai-d the development of a metabolic 
acidosis. The patient’s control blood samples were drawn just before the per¬ 
fusion after a period of controlled re.spiration with the chest open. 

The biochemical data obtained have been grouped according to perfusion 
rates in order to define, if possible, an optimum flow rate, and also have 
been grouped according to whether e 3 mnotic or aej’-anotie heart disease was 
present because of the .substantial differences existing preoperativelj" in these 
two conditions. 

To facilitate a comparison between 2 )erfusion rates and the development 
of acid-base alterations, plasma bicarbonate concentrations (alkaline reserve) 
have been determined. Values for pll alone are i7nreliable for a precise evalua¬ 
tion as the acid-base balance maj' vaiy widely without direct reflections on 
the pH due to compensation ly the blood buffers. The differences in bicar¬ 
bonate concentrations between the control 'values and tost samples represent 
a quantitative determination of the alterations in the acid-base balance. To 
compare aceurateh* these bicarbonate concentrations, the measured values 
for each patient need to be converted by calculation to a standard point of 
reference, a pH of 7.4 in these studies. The formula of Petex's and Van Slj’-ke*’' 
was used for this calculation. 


RESULT.S 


Acid-Base Changes During Total Body Perfusion .— 

1. In patients with acyanotic heart disease: Table I illustrates the aeid- 
base response to total body peiffusion in 45 acjmnotic patients studied. Con¬ 
trol blood samples were not taken from the infants or small children; therefore 
complete determinations of the blood chemistry in the pi-e-peiffusion state were 
available on only 10 patients. One maj'- note from these data that all patients 
began the peiTu-sion in a state of i-e.spii*atory alkalosis as manife.sted by the 
elevated pH and depressed total CO 2 values. The final blood pH values meas¬ 
ured at the conclusion of the perfusion interval were in the normal or near 
normal range for all of the peiiusion rates studied. (Table I.) However, the 
differences between the control arterial bicai’bonate levels calculated at pH 
7.4, and the corresponding values at the termination of the by-pass indicate a 


» [HC03] pH 7.4 

■Where: 

[HCOs] pH 7.4 
pHx 

[HC05] pHx 


(8.2 + 2.3Hgb.) = 


= [HCOj] pHj - t(7.4 - pHx) (8.2 + 2.3 Hgb.)] 

Pla-sma bicarbonate in niM/L. the sample at pH 7.4. 
Patient’s measured hydrogen-ion concentration. 

Pla.'sma bicarbonate at pHi obtained from nomogram ironi p^ 
tient's knowTi pHx and total CO 2 content or calculated from 
Henderson-Hesselbalch equation. , . 

The slope of the buffer curve of whole blood with hemogioom 
expre.ssed as millimoles per liter which is 
Hgb. in Gms. % 

1.67 
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T\BLE I Acid Base Kfsponsf to Toi vl Bod\ PFrrgsiON in Patifnts mi 
Aci \NOTic Heapt Disease 

(mean WLIES) 


1 EFFUSION P\TE NUMBtrOF MF-VN DUP VTION Of DN P\SS 

C C/KG /min ___1 VTIENTS_ (MIN ) 


Group A 30 3o 

Group B 36 41 

Group C 50 60 



23 

10 

12 



17K 

le 

UK 




t ARTEl \ 


1 VFIN 





PI VSM \ 


1 


PLVSMV 



TOTAL 

0“ ^T 

BICaiBON 1 

IIEMO 


TOTVL 

BICATBON 



CO 1 

URATION 

ATF} \T , 

OI,OBIN 


CO $ 1 

\TE IT 


pn 1 

raM/L 

(.%) 

pH 7 4 1 

(CM 7r) 

pH 

niM/L 1 

pu7 4 

Group A 









Control* 

7 50 

20 7 

95 

oo 7 

13 9 

7 41 

22 9 

oo T 

Defect corrected 

7 33 

17 7 

05 

14 7 

14 7 

7 24 

22 9 

16 8 

pn‘is concluded 

7 34 

17 4 

95 

15 6 

14 8 

7 24 

20 7 

14 8 

lo mm after bv pass 

7 36 

18 2 

05 

16 1 

14 8 




Group B 









Control* 

T 50 

20 7 

9d 

oo 7 

13 0 

7 41 

oo Q 

23 2 

Defect corrected 





149 

7 29 

24 0 

19 2 

B\ pa’ss concluded 

7 34 

1S5 

96 

15 S 

14 9 

7 29 

21 6 

16 9 

15 min after In pass 

7 34 

19 3 


166 

14 9 

- 

- 


Group C 









Control* 

7 50 

20 7 

95 

oo y 

13 9 

7 41 

22 9 

oo 1 

Defect corrected 





15 0 

7 30 

Of7 ^ 

10 6 

Bj pass concluded 

7 45 

15 i 

90 

16 0 

loO 

7 32 

214 

17 8 

15 min after bj pass 

7 39 

ISO 


17 7 

15 0 


- 



•S'lmples taken Just prior to b> pass 
•‘Normal %*iluo = 20 22 6 mM per lltei 
tSee text for method of calculation 
jNornial \alue = 22 7 25 9 mM per liter" 

fall in tlio bicaibonatc coneentiation for all tlnoe pcifnsion latcs The moan 
decrease in blood bicaibonatc coneentiation iias toi (jioiip A (30 to 35 cc pci 
Kg per niin ), 66 mil per liter, foi Gioup B (36 to 41 c e poi Kg pei mm ), 
61 mil pel litei, and for Oioiip C (50 to 60 c e pci Kg pei min ), 5 5 mil 
pel liter 

Table II illustrates the duiatioii of these perfusions As one might an 
ticipate that longer time inteiials of pcifusion ivonld incicnse the bicaibonatc 
depiession, the change of bicarbonate coneentiation foi each patient uas 
plotted on a scattcigiam (Kig 1) in relation to total duration of his per 
fusion Fig 1 indicates that the changes of bicarbonate concentration aie 
ividelj aaiiable, but suggests that Gioup C patients had less of a change than 
did the othei gioups Howevei, to assess this appaient diffeience more ae 
cuiately, these patients need to be coiiipaicd in relationship to the duiation of 


Table II Classificstios of Pfetjaent Data Eelatisg to tiif PrcFosioss i\ Tnr 
60 Patients Studied 


PATIENT ^ 

croup 

TNPFOF 1 
HEAPT 
DISEASE 

NUMBER 

PATIFNTS 

PaAnce or 

lERFUSIONS 

(c c Ac /SIIN ) 

1 MEAN\UUFS 

PERfUSION 
HOW PATE 
(C V /KQ /MIN ) 

TIME Ot CAP 
m\C DEFFCT 
rOUPFCTION 

TOTAL 
pn FUSION 
TIMF 

A 

Ac^ anotic 

23 

to 3a 

31 o 


17 ^0 

B 

Acjanotic 

10 

30 41 

370 

11 


C 

Acyanotic 

12 

50 60 

o2 5 

8 

ir 50" 

D 

Cyanotic 

11 

26 35 

30 0 


21 3" 

E 

Cyanotic 

4 

40 50 

45 0 

13 45" 
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their respective perfusions; therefore only those perfusions in Group A and 
Group B which lasted no longer than the perfusion of Group C were compared 
statistically to determine if there was any significant difference in the bicar¬ 
bonate depression in these three groups. The differences observed in these 
three (flow rate) groups under this condition of comparable perfusion times 
were not signiflcanl; therefore one is unable to correlate significant changes 
in blood bicarbonate with these three different perfusion rates. 



= Group A ■ X = Group 8 0= Group C 

Fig-. 1.—Kelationship of plasma bicarbonate depression (accumulation of fixed acids) and 
duration of perfusion. (The solid line Indicates the mean change.) 

The patient’s arterial samples taken a;bout fifteen minutes after the termi¬ 
nation of the perfusion indicate that the body mechanisms already had re¬ 
covered as much as one mlM per liter bicarbonate from their lowest levels to¬ 
ward their normal levels of 20 to 22.6 niM per liter (Table I). 

2. 1% patients with cyanotic heart disease: In Table III is portrayed the 
acid-base balance of a group of patients with cyanotic heart disease sampled 
on the wards under ambulatory conditions without anesthesia and prior to cor¬ 
rective surgerj’-. It may be noted from these data that all of the patients 
studied had reduced plasma bicarbonate levels. Moreover, in a number 
of these patients the fact that the arterial pH values were below normal levels 
indicates the existence of an uncompensated metabolic acidosis. Noteworthy, 
are the borderline and frankly elevated lactic acid values in these patients 
sampled under resting conditions. 

The patients with cyanotic heart disease, as Table IV depicts, also devel¬ 
oped a depression of their total bicarbonate during their perfusions, but the 
change from their control values was less than observed in the patients of 
Groixps A, B, and C with acyanotie types of heart disease. In these cyanotic 
patients, their blood pH values were not significantly altered by the total by¬ 
pass interval. 
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Lactic Acid Determinations .—^Lactic acid determinations as a ineasnre of 
fixed acids were made on a representative number of patients in each grotip. 
In each group, the lactic acid values at the eonclusion of the by-pass averaged ap¬ 
proximately two to three times the control value. Tlie average final value for the 
acyanotio patients was 40 mg. per cent and for the cyanotic patients was 70 mg. 


Table III. Alkai.ixe Deficit of the Blood op Patients With Congenital Cyanotic 
Heaht Disease (Peeoperative Data) 







VENOUS* 


HEMO¬ 
GLOBIN 
(GM. 9&) 

pn. 

arterlvl* 

1 TOTAL COa 

1 (lUM/L.) 

11005 $ at 

pn 7.4 

LACTICt 
ACID 
(MR. %) 

PIu\SMA 

COa COMB. 
PO^VER IN 
MEQ./L. 

J. O.f 

11.(3 

7.32 

oo 7 

19.6 

104 

24 

s. s. 

13.2 

7.44 

16.2 

16.7 


24 

D.W. 

13,1 

7.40 

18.4 

18.4 

20 

21 

M. tv. 

15.1 

7.28 

19.1 

145 

_ 

15 

M. E. 

17.3 

7.44 

21,9 

22.3 

12 

16 

C. S. 

17.4 

7.27 

17.4 

TO ^ 

-- 

0 , 0 , 

P. L. 

16.9 

7.33 

15.6 

13.6 

— 

18 

E. B. 


7.20 

15.7 

65 

19 

21 

D. 0. 


7.43 

14.0 

25.2 

20 

22 

J.A. 

22.5 

7,36 

17.8 

15.2 

23 

23 

Mean 

values 

17,4 

7.35 

17.9 

15.3 

33 

20.6 


•Blood samples drawn from ward patients without anesthesia under ambient conditions. 
tComplete transposition of the ereat vessels, all others were patients with tetralogy of 
Fallot. 

tNormal value s= 6 to 20 mg-, per cent. 

§Normal value = 20-22,0 mM per liter. 


Table Acid-Base Response to Total Body Perfusion in Patients ‘With 
C vANOTic Heart Disease 


PERFUSION RATE 
C.C./KC./MIN. 


NUMBER OP 
PATIENTS 

MEAN DURATION OP BY-PASS 
(MIN.) 

Group D: 25-35 


11 



25.0 

Group E: 40-50 


4 



17.5 


t ARTERY 1 

1 VEIN 




PLASMA BI- 




pijiSMA in- 




CARBONATE 

HEMO- ; 


total 

CARBONATE 



TOTAL COa 

ATplI 7.4 

CLOBIN 


COa 

AT pn 7.4 


pH 

(raM/L.) 

IN mM/L. 

(r,M. %) 

pll ! 

(mM/L.) 1 

IN niM/L. 

Group D 








* Control 

7.35 

17.9 

15.2 

14.9 

7.37 

20.6 

18.6 

Defect corrected 




14,7 

7.22 


19.3 

By-pass concluded 

7.36 

14.7 

11.9 

15.7 

7.23 

IS.S 

12.4 

15 min. after by-pass 

7.38 

16.0 

14.6 

15.1 



-- 

Group E 








Defect corrected 

_ 

_ 


35.4 

7.20 

21.4 

10.0 

By-pass concluded 

7.35 

14.2 

12.4 

15.4 

7.20 

10.2 

13.9 

15 min. after by-pa.ss 

7.28 

15.3 

11,0 

15.4 





•Represents controls for both Groups D and E. 


per cent. The cyanotic patients began their perfusions with consideraljly ele¬ 
vated blood levels of lactic acid in some instances as Table HI indicates. These 
values may be compared with normal values of 5 to 20 mg. per cent and values of 
100 mg. per cent observed in atlilctcs after competition such as a basketball 


game. 
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their respective perfusions; therefore only those perfusions in Group A and 
Group B AVhich lasted no longer than the perfusion of Group C were compared 
statistically to determine if there was any significant difference in the bicar- 
bonate depression in these three groups. The differences observed in these 
three (flow rate) groups under this condition of comparable perfusion times 
were not significant; therefore one is unable to correlate significant changes 
in blood bicarbonate with these three different perfusion rates. 



A = Group A X = Group B O' Group C 

Kg’. 1.—Relationship of plasma bicarbonate depression (nccumulation of fixed acids) and 
duration of perfusion. (The solid line indicates tlie mean change.) 

The patient’s arterial samples taken aibout fifteen minutes after the tei-mi- 
nation of the perfusion indicate that the body mechanisms already had re¬ 
covered as much as one mM per liter bicarbonate from their lowest levels to¬ 
ward their normal levels of 20 to 22.6 mM per liter (Table I). 

2. In patients with cyanotic heart disease: In Table HI is portrayed the 
acid-base balance of a group of patients with cyanotic heart disease sampled 
on the wards under ambulatory conditions without anesthesia and prior to cor¬ 
rective surgery. It may be noted from these data that all of the patients 
studied had reduced plasma bicarbonate levels. Moreover, in a number 
of these patients the fact that the arterial pH values were below normal levels 
indicates the existence of an uncompensated metabolic acidosis. Noteworthy, 
are the borderline and frankly elevated lactic acid values in these patients 
sampled under resting conditions. 

The patients with cyanotic heai*t disease, as Table IV depicts, also devel¬ 
oped a depression of their total bicarbonate during their perfusions, but the 
change from their control values was less than observed in the patients of 
Groups A, B, and C with acyanotic types of heart disease. In these cyanotic 
patients, their blood pH values were not significantly altered by the total by¬ 
pass interval. 




Volume 52 
Number S 


OPEN CARDIOTOMr USING BUBBLE 0\rGENAT0E 


o95 


Lactic Acid Determinations —^Laetie acid deteinimations as a measiue of 
fi\cd acids -neie made on a i cpi esenfative nnmbei of patients in each gioiip 
In eacli gioup, the lactic acid ^ allies at the conclusion of the hi pass aveiaged ap 
pioximatelj tiio to thiee times the eontiol lalue The aierage final lalue foi the 
acianotic patients Mas 40 mg pei cent and lor the eianotic patients Mas 70 mg 


Table irr Alkalisf Dfeicit of the Blood orPAnrsTs AVrrn Congfmtu Ctasotio 
Heipt Disease (Pfeopfeative Data) 







\FNOUS* 


IIEMO 

riOBIN 

(GM e/o) 

pn. 

\RTEPUL* 

1 TOTAI CO 

1 (niM/L) ] 

IIC03$ AT 
pH ' 4 

lACTICt 

VOID 

(Mr %) 

PL VSMA 

CO COMB 
POWER IN 

MEQ /l 

T Ot 

11 6 

7 32 

22 7 

196 


24 

s s 

13 2 

7 44 

16 2 

16 7 


24 

D W 

131 


IS 4 

18 4 

20 

21 

M AV 

in 1 

7 28 

191 

14 5 


15 

E 

17 3 

7 44 

219 

22 3 

12 

16 

C S 

17 4 

7 27 

174 

52 0 


22 

P L 

16 9 

7 33 

15 C 

12 6 


IS 

E B 

23 0 


15 7 

05 

19 

21 

D 0 

24 0 

7 43 

14 0 

lo2 


23 

J A 

22 5 

7 30 

17 8 

J >J 

23 

23 

Mem 

values 

17 4 

7 35 

17 9 

Id 3 

33 

20 6 


♦Blood samples draiin from ward paticlits without nn sthcsla under ainb ent conditions 
tCompIete transposition of the great vessels all others acre pttients t 1th tetralogi of 
Fallot 

tisormal value = S to 20 mg per cent 
Slsormal value = 20 22 fl mhl per liter 

Table IV Acid Base Response to Total Bom Iip tsi v is Pvmvr M r 
Caanotic Heapt Disevv 


PEPFUSION KATE MIVIBEP OF ILtVl 1 \T v 01 lA PASS 

0 C /KG /Atm_ PATIELTS MI_ 


(xfoup B 25 35 
Group E 40 50 


11 

4 



] D 


APTERF 1 

1 riv 

pn 

total C05 
(mii/L) 

PLAS&IA BI 

CARBONATE 
AT pil 7 4 

IN mur/L 

HEMO 

GLOBIN 

%) 

i 

pH 1 

1 TAI 

00 

(mil/L ) 

i n 

U BONATF 

\T pK 7 4 

IN mM/i 

Group J) 








*CootroI 

735 

179 

152 

24 9 

7 37 

20 6 

18 6 

Defect corrected 

_ 



14 7 

7 22 

94 9 

19 3 

By pass concluded 

7 36 

14 7 

11 9 

15 7 

7 23 

18 S 

124 

15 mm after bj pass 

7 3S 

16 0 

14 6 

15 1 




Group L 








Defect corrected 




15 4 

7 20 

21 4 

100 

pass concluded 

7 35 

14 2 

12 4 

154 

7 20 

19 2 

no 

15 min after bj pass 

7 28 

15 3 

no 

15 4 


-- 



•Represents controls for both Groups D on 1 r 


poi cent The cjanotic patients began then pcifusions Mith eonsidcnhlt elc 
vated blood levels of lactic acid in some instances as Table HI indicates These 
A allies maj be compaied viith normal tallies of 5 to 20 mg pci cent and values ot 
100 mg pei cent obsoned m athletes aftei compclition such as .i bisketinll 


game 
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2.5 

2.3 
2.1 
1.9 
1.7 

1.5 

1.3 
l.l 
.9 
.7 
.5 


16.9 


Kilo 


22.9 


Kilo 


B 



25 30 34.5 36 41 50 

Perfusion rote c.c./kilo body wt./min. 


55 


60 


FIff. 2.—Oxygen consumption rates during total body perfusion In patients with acyanotic heart 
disease. Mean body weights for eacli group are indicated. 



26 35 4 0 50 


Perfusion rate c.c./kilo body wt./min. 


Fig. 3.—Oxygen 


consumption rates during total body perfusion in patients with 
disease. Mean body weights for each group are indicated. 


cyanotic heart 
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Oxygen Consumption Rates —Oxjgen consumption rates during the bj pass 
intw\al weie calculated foi each gioup of patients These ■values as caloiies 
used pel kilogiam of hodv weight pei hour, aie suinmaiized in Fig 2 for the 
acvanotic patients and in Fig 3 foi the cvanotic patients This calculation 
was made bv taking the diffeience between the aiteiial and venous owgen 
content at the time the defect was collected At this time the patient was 
still totally siippoited by the oxjgenatoi and the venous blood had icached 
ma\imum desatuiation Since the patient’s peifusion lates oi “cardiac out 
put’’ weie Icnowni and constant, the total quantity of oxjgen used by the 
patient pei minute could bo leadily calculated The basal lespiiatoij 
quotient® of 0 82 was selected foi the conveision factoi of o-vjgen into 
calories, the v alue of which is 4 821 caloiics per litei of on-j gen Temperature 
also affects oxygen consumption and, as the heait toleiates siiigei'j upon it 
self bottei at noimal temperatures, these patients were maintained euthemic 
thionghont the pioeeduio bj the addition of heat as necessary from an elec 
tiio blanket iindei the patients and fiom the constant tempeiatuie watei bath 
111 which the oxjgciiatoi icseivoir was mounted 

As the age and the weight of the patient me diieotlj coirelated with the 
oxjgen consumption late these values foi eaeh group have been plotted in 
div idinllv in Figs 2 and 3, w ith the smallest patient in each group plotted to 
the left of the next laigei sized patient As can be noted the smallei the pa 
tieiit in each gioup the highci the oxygen consumption late per kilogram of 
body weight, and Gioup C, which lepicsents the smallest patients in this senes, 
had the highest oxygen consumption lates It can be noted that the cjanotic 
patients over all had a lowoi oxjgen consumption late than did the acvanotic 
patients Table Y also illustiatcs this in that the ejanotie patients did not 
dcsatuiate then venous blood to the same degicc as the acjanotic patients at 
compaiable pcifiision lates 


Table V Mvximum Desaturatiov or Pooied Vfsols Blood Savipiis* VIeasireu DuriM 
Peffosiox (Venous 0- Context at Time Defect Ciosed) 




ACVANOTIC PtTIFMTS 


[ C\ANOTIC IATIENTS 

Perfusion rite 

A 

B 

C 

D 

E 

(cc/Kg/min ) 

30 35 

36 41 

50 60 

26 35 

40 50 

Os content (>o] per cent) 

71 

75 

66 

S5 

Sfi 

Per cent saturated 

36 0 

39 0 

34 0 

43 0 

43 0 

•Sampled from the patients 

cava! 

catheters 





Effect of the Pump Oxygenator Upon Blood Etements —For manv of the 
cases the peifusion apparatus was piimed with freshlj diavvn aiteiiali/ed 
venous blood'’ in hepaiiii* This blood eloselv appioximates iionnal aileiial 
blood in pH CO content hemoglobin, and oxjgen satination In other ])a 
ticnts pinning was cairied out bj arteiializing ficshlv di.iwii hoparim/ed 
venous blood bj passage thiough the oxjgcnatoi to fill the helix icseivon 
Hemolysis —The appaiatus used in these patients piodnccd a degice of 
hcmoljsis well within the range consideied innocuous Theie was often a 
diiect 1 clatioiiship of hemoljsis to duiatioii of the peifusion, but the mean 


*18 ms per SOO C.C. bottle. 
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value for hemolysis did not vary in any definite manner in the various groups 
in I’elationship to ijerfusion rates. The mean hemolysis for all the cases was 
33 mg. per cent plasma hemoglobin Avith a range from a Ioav of 6 mg. per cent 
to a high of 80 mg. per cent. 

Clotting mechanism: Platelet counts in this entire group of 80 patients 
averaged 266,000 per eubie millimeters preoperatively, the mean value for the 
determination made within two hours after the perfusion Avas 200,000 per eubie 
millimeters. The bleeding times preoperatively averaged four and one-half min¬ 
utes and AA^ere the same for the determinations made A\dthin Iaa’^o hours after the 
perfusion. The control clotting times on these patients Avas four ininutes, forty- 
five seconds A\dth a five-minute clotting time as the mean value Anthin tAvo 
hours after the perfusion. Table VI summarizes these data. 

Table VI. Effect of Total Ba'-Pass Perfusions With Puirr-OxA'cENATOR Upon the 
Clotting Elements (Mean Values for 80 Patients) 



platelets 

bleeding time 

CLOTTING TIME 


(CU. MM.) 

(MIN.) 

(MIN.) 

Preoperative 

266,000 

4' 30" 

4' 45" 

Postperfusion'^ 

200,000 

4' 30" 

5' 


*A11 determinations made within two hours after conclusion of actual perfusion. 

Pressure Measurements. — In 2 adult patients continuous intraluminal arte¬ 
rial pressures Avere monitored throughout the perfusion. One patient Avith a 
Amntrieular septal defect, avIio recewed a perfusion rate of 34 c.c. per Kg. of 
body AA’cight per minute, maintained a systolic arterial pressure of 75 mm. Ilg 
or more throughout the entire proeedttre. The other patient Avith an aortic 
stenosis, perfused at 32 c.e. per Kg. per minute, maintained a systolic arterial 
pressure of 70 mm. Ilg or better except for a short interval after the correc- 
tiAm procedure AAdien the clamp Avhich occluded the aorta Avas released at AAdiich 
time her pressure momentarily fell to 30 mm. Ilg. BecoA'eiy in both patients 
was uneA’'entful. 

COMMENT 

The oxygenator herein employed has proA'^ed to be efficient in the per¬ 
formance of the respiratory functions for these patients during their interval 
of total pulmonary by-pass. At all floAV rates the oxygenation of the Amnous 
blood by this oxygenator Avas optimal (95 to 96 ijer cent) for perfusion of 
the arterial system (Table I). Moreover, the carbon dioxide content of the 
arterial blood returning to the patient from the oxj’-genator aa^s consistently 
less than the control or normal values, indicating that this apparatus ade¬ 
quately removed the carbon dioxide of catabolism from the venous blood. Tins 
loAvercd arterial carbon dioxide content may be readily altered to normal by 
the simple addition of some carbon dioxide to the oxygenating gases. In this 
regard Ave have generally felt that some degree of carbon dioxide content de¬ 
pression Avas desirable in these patients to oppose the metabolic acidosis gen¬ 
erally occurring in patients undergoing anesthesia and major surgical pro- 

CGdurcs. r. 

However, recent investigations have indicated that the arterial carbon 

dioxide content is the principal humoral agent controlling the vasomotor tone 








\ olume 32 
Ni mbcr 5 


opm cABDioToinr using bdbbi.e oxygenator 


5<)') 

in the ceiebinl cudilation m man Ci this legaicl, Gibbs and his associates,"’ 
and Kety and Schmidt” have pointed out that dopiessed aiteiial caibon 
dioAide le\els deei eased and high leicls nici eased the cciebial blood flov 
They also state that eeiebial oxjgeii consumption was nnchanged bj the vaii- 
ous oonoeiiti atioiis of aiteiial eaibon diovide studied 

The patients heieiii studied imdci going total bodj pei fusion utilizing the 
pump oxygcnatoi in\anabl 3 ' awakened immediately postancsthesia and ap 
peaied mentally aleit and weie completely ficc of any CMdence of nouiologic 
sequelae lelated to then peifusion inteii al Hon ovei, despite these giatifjing 
clinical obseivations indicating the gioss adequacj of the ceiebial floiv dm 
ing the poifiisions, it is of olnious impoitance to studj nioie precisely the 
eft’ects of larions flow rates and of laiioiis paitial pressmcs of arteiial eaibon 
dioxide in the peifiisiiig blood utilizing clcetioeiicephalogiaphj to evaluate 
ceiobial function These studies are euirently in piogiess 

In assessing acid^baso balanec m these patients no chemical means weie 
used duiiiig 01 immediatelj' after the bypass intenal to eounteiaet ductua 
tions in hydrogen ion conoentiation Thus, the obseived data lepitscnt the 
patient’s own leponses to peifusion and siugen influenced onlj by the above- 
mentioned lespnatoiy alkalosis In legaid to acid base balance, it is worth} 
of emphasis that blood pH values alone lesult in an incomplete piotuie inas¬ 
much as the} may be noimal oi even on the alkaline side of noimal despite a 
gam of fixed acids in the blood Foi this leason the alterations in response 
to peifusion in the total plasma bicaibonatc, as a measme of the alkaline le 
seivo, have been deteimined in these patients All of oiii patients manifested 
a depiession of their total plasma bicaibonnte as a lesiilt of their inteival of 
peifusion This depiession was due to an accumiihtion of fixed acids and can 
otheiwise be expiesscd as the development of a compensated metabolic acidosis 
All of 0111 patients had mild elevations in blood lactate, but levels well below 
those found dining exeieise ■*' The lange of bicaiboiiate deficit developed in 
these patients vaiied fiom 3 3 inM per litei in the c} aiiotic gioup patients (Gioup 
D) to 6 I mM pel litei m the ac}anotic patients (Group A) The noimal dail} 
vaiiatioiis in fixed acids have been lepoited to lange fiom 27 mJI pei litci"’ 
to 4 0 mM per liter w hile v allies as high as 9 3 mM pei litei have been found 
to occur dining piilmonaiy siiigeiy ” 

A gam in fixed acids avci aging 5 2 mil pei liter has been found in chil 
dien less than one }eai of age receiving ether anesthesia for gencial siiigical 
piocediiies of onl} modeiate magnitude sueh as heiiiioirhaphy oi p}loiomyot 
omyi* In 27 oldei childien, undcigoiiig similai type surgical piocoduies, 
the gam in fixed aeids averaged 4 0 mM per litei These authors coneludcd 
that a modeiate acidosis of this degiec was not haimfiil and of no piaetical 
significance The same autliois’^ picsentcd evidence that this gam in fixed acids 
was due to the s}mpatliomimctie effect of cthei upon the adicnal medulla aug 
mented in some of then patients bj the intravenous adiinnistiation of glucose 
and/oi blood, both of which increase the fixed acid content of the patient 
The injection of epmephime alone is known to pioduce maiked elevations of 
fixed acids 
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ticiits 'witli acj^aiiotie forms of lieart disease). This depression, was aceoin- 
paniccl by a moderate elevation of blood lactic acid in almost all patients in 
■\vliicli this measurement vas made. Values for pH did not vary greatlj>' from 
normal. Serum potassium values regularly decreased moderately during the 
perfusions. 

These elianges in bicarbonate, lactic acid, ajid potassium occurring dur¬ 
ing total body perfusion are qualitatively and quantitatively similar to the 
changes observed during the administration of epinephrine in physiologic 
quantities. It is believed that these changes in acid-base equilibria ai*e the 
result of a reflex stimulation of the s.ympathetic nervous system rather than 
tissue hj^poxia. No re]ationshi]3 was observed between this moderate bicar¬ 
bonate depression and postoperative morbiditj’- and mortalitj’' in this series of 
patients. 

PreoiJeratively all patients with cjmnotie heart disease were found to be 
in a state of metabolic acidosis under ambulatoi'y conditions. 

The smallei- and younger patients had higher oxygen consumption rates 
during the perfusion as they do in normal states, therefore, they should re¬ 
ceive higher perfusion rates than older ehildi-en and adults during their pro¬ 
cedures. 

Hemolj'sis of the blood during the perfusion was minimal. 

Platelet, bleeding, and dotting times were not greatly different in the 
pre- and postoperative periods. 

Wo •wish to express our appreciation to Dr. E. B. Brown of the Department of Physi¬ 
ology, University of ilinnesota for his aid in the interpretation of the biochemical data 
presented. Wo also e.vtend our tlianlcs to Mr. Eugene Johnson of the Department of Bio¬ 
statistics for his aid in the statistical interpretation of portions of these data. 
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tients with aej'anotic forms of heart disease). This depression was accom¬ 
panied by a moderate elevation of blood lactic acid in almost all patients in 
which this measurement was made. Values for pH did not vaiy greatly from 
normal. Sernm potassium Amines regularlj’- decreased moderately during the 
perfusions. 

These changes in bicarbonate, lactic acid, and potassium occurring dur¬ 
ing total body perfusion are qualitatiAmly and quantitatively similar to the 
changes obseiwed during the administration of epinephrine in i^hysiologic 
quantities. It is belieAmd that these changes in acid-base equilibiaa are the 
result of a reflex stimulation of the symiJathetic neiwous system rather than 
tissue hypoxia. No relationship Avas obserA'ed betAveen this moderate bicar¬ 
bonate depression and postoperatiAm morbidity and mortality in this scries of 
patients. 

Preoperatively all patients with cyanotic heart disease Avere found to be 
in a state of metabolic acidosis under ambulatory conditions. 

The smallc]- and younger patients had higher oxj’-gen consumption rates 
during the perfusion as thej’- do in normal states, therefore, they should re¬ 
ceive higher perfusion rates than older children and adults during their pro¬ 
cedures. 

Hemolysis of the blood during the perfusion Avas minimal. 

Platelet, bleeding, and clotting times AA'cre not greatl}’’ different in the 
pre- and postoperative periods. 

tVo AA'ish to e.vprcss our appreciation to Dr. E. B. BroAA’n of the Department of Physi¬ 
ology, UniA'ersity of Minnesota for his aid in the interpretation of the biochemical data 
presented. AVo also extend our thanks to Mr. Eugene Johnson of the Department of Bio¬ 
statistics for his aid in the statistical interpretation of portions of these data. 
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Lam and co^^oikeis’' lia\e lepoited the mdiiction of caidiae aiiest m 
hjpotheimic dogs bj intia\entnenlar injection of 5 pci cent potassium cliloiule 
witli sui\i\al aftei complete ciieulatom occlusion up to 30 minutes In then 
e\peiiments, lestoiation of noimal rhithm «as accomplished bj caidiac massage 
and \sas appaientlj picecdcd lontinelj b-s lentiicnlar fibiiHation -which 
lequned eounteishochs In England, Mcliosc and his associates''’ haic also 
lepoited pieliminaij expeiimonts using potassium citiate to tempoiaiih arrest 
eaidiae action in isolated heaits and in the intact animal 

In studios to be lepoited elsewhere,'’ a seal eh \ias made foi a moie 
satisfactoiy caidioplegie agent Such an agent should show the follouing 
chaiacteiistics (1) rapid induction of complete cardiac ariest, (2) eomiiletc 
lack of electiical and museulai caidiac actnitj dining the caidioplegia, (3) 
rapid resumption of a normal caidiac beat on re perfusion of the coronaly 
lessels iMtli blood, (4) absence of lentiiciilai fibiillation, and (5) absence of 
tOMCity if the cntiie dose gained entrance to the general ciiculation 

Various drugs and mi\tuies iieic tested by injection into the coronary 
poifusion system of isolated eat hcaits in a Langendoiff peifusion appaiatus" 
If caidiac aiiost resulted, the poifusion uas stopped foi 10 imniites The time 
lequned foi resumption of noimal beat on le perfusion intli a modified Ringci 
Looke solution uas noted, togethei with the t-vpo of electiocauliogiapliic and 
museulai actiiity regained 

Biieflj, it lias found (Table I) that both potassium citiato and magnesium 
sulfate alone produced lapid caidiac ariest The incidence of fibiillation 
following administiatioii of the magnesium salt alone howeioi made this diiig 
iindesiiable By combining the tiio agents, fibiillation uas usiialh aioidtd and 
the concentiation and quantity of potassium citiatc could bo i educed 


T\BLr I Induced Cardiac Arrest in the Isoiaied C\t IIeh’i 


SOLUTION INJECTED 
(10 ML) 

NUMBER OF 
TRIALS 

AVERtOE TIME 
TO ARREST 

BE\T 

(min ) 

TIMF TO RF 
SLMC BEtT* 
(MIN ) 

I\i IDINCF OF 

1 nil ILLVTION 

Iv Cit 1 0 per cent 

5 

oc 

2 1 

n 

MgSO, 3 (10 per cent 

7 

1 2 

1 2 

3 

tK Cit MgSO, 

1** 

03 

1 7 

o 

]K Cit MgSO^ + 10 mg 
Benadryl 

7 

1 0 

1 7 

0 

tK Cit MgS 04 + 12 5 mg 
Pvnbenzammo 

7 

10 

1 9 

0 

tlv Cit MgSO^ + 0 5 mg 
Prostigmvn 

7 

OG 

35 

0 


•All hearts cardioplegic for ten minutes No appreciable change from original electro¬ 
cardiogram pattern after good beat established 

to 54 Gm potassium citrate and 2 47 Gm magneamm sulfate per 100 ml adjusted to 
pH 7 4 with sodium bicarbonate (200 meq/L. magnesium and 50 mcq/L potassium) 

Using these data a basic solution uas cyohed containing 2 47 Gm pci cent 
magnesium sulfate (Mg^OiTIIjO) and 0 74 Gm pci cent potassium eitiafo 
[KaCCellsO;) n.O] hiought to pll 7 4 nith sodium Incaihonatc The addition 
of small quantities of Prostigmm oi one of the antihistainimcs'-' sicmed to 
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A S experimental and clinical evidence aecumnlates, it is becoming apparent 
that the unhurried and precise repair of many intracardiac defects will 
require the use of a mechanical pump and oxygenator. Maintenance of the 
coronary and systemic circulation for short periods can lie achieved safely with 
reduced flow rates as shown by Lillehei and his associates.^ The addition of 
hypothermia to this technique would appear desirable if tlie danger of irrevers¬ 
ible cardiac arrhythmias during ventriculotomy can be eliminated. 

When eardiotomj’- is performed during arterial perfusion, however, blood 
loss through the coronary sinus and regurgitation through the aortic valve may 
be profuse and would make direct procedures on the aortic valve or within the 
left ventricle almost impossible. This difficulty can be overcome by occluding 
the ascending aorta in addition to the venae cavae, thus rendering the heart 
totally ischemic. The contracting, normothermic heart can safely withstand 
this maneuver only one to 3 minutes.^’ ■ Hypothermia to 25° C. apparently 
increases this safe time limit only slightly; to 5 or 6 minutes.’'’’ ■* 

Induced cardiac arrest by decreasing cardiac metabolism would theoretically 
allow more prolonged aortic and coronary occlusion. The advantages of a dry, 
motionless operative field free from danger of air embolism are apparent. 

It has been known since the time of Einger“ that an excess of potassium 
ion in the coronarj^ circulation will cause the heart to stop in diastole. Hooker,® 
Wiggers,’’ and more recently Swan^ have injected potassium salts into the heart 
to stop ventricular fibrillation. Senning® attempted to temporarily inhibit the 
cardiac contractions by injections of potassium chloride, acetylcholine, i\Iecholyl, 
and related compounds but was unsuccessful apparently because he maintained 
coronary perfusion and immediately washed out or diluted the cardioplegic 
agent. His technique of initiating fibrillation prior to cardiotomy is helpful in 
preventing air embolism but would not theoretically allow prolonged inflow 
and outflow occlusion because the metabolism of the fibrillating heart may 
actually be higher than normal.®’ “ 


From the Division of Thoracic Surgery and Departments of Pediatries and Biochemistry. 
Duke University Sciiool of Medicine. Durham. N. C. „ h « 

This investigation was supported in part by a research grant (H-1782 C) irom tne 
•N-ntional Heart Institute of the National Institutes of Health. Public Health Service. 

S these sTudies wl^^^ out under contract beween Duke University and the United States 

Atomic Energy Commission. T'hnrneic 

Read at the Thirty-sixth Annual Meeting of The American Association for tnoracic 
Surgery at Miami Beach. Fla.. May 7 to 9. 1956. 
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Lam and co ^vorkels'’ have lepmtcd the induction of caidiae airest in 
Inpotheimic dogs bi nitiaientuciilai injection of 5 pei cent potassium eliloi.de 
with surviial aftei complete cireiilatoii occlusion up to 30 minutes In then 
evpoiiments, lestoiation of noimal ihjtlim was accomplished bj eaidiac massage 
and was appaientlj pieceded loutineli h\ ccntiicular libiillation ivlnch 
required coiintershochs In England, JIcliosc and his associates’" ha\e also 
lepoited pieliminarj expeiiments using potassiimi eitiate to tenipoiaiih aiiest 
caidiac action in isolated lieaits and in the intact animal 

In studies to bo lepoited elsewhere,” a seal eh was made for a more 
satisfactory caidioplegic agent Such an agent should show the folloiving 
chaiacteiistics (1) rapid induction of complete cardiac airest, (2) complete 
lack of electrical and muscular cardiac actiiitj dm mg the cardioplegia, (3) 
lapid lesiimption of a noimal cardiac beat on le peifusion of the coionarj 
lessels with blood, (4) absence of iciitiiculai fibiillation, and (5) absence of 
toxicity if the entire dose gamed entiance to the general ciiculation 

Various drugs and mixtuies weic tested bj injection into the coronarj 
periusion ststeiii of isolated cat lieaits in a Langendorft peifusion apparatus ” 
If eaidiac ariest lesulted, the peifusion was stopped foi 10 minutes The time 
loquiied foi lesiimption of normal beat on le peifusion with a modified Ringei 
Locke solution was noted, togethoi with the tape of elcctrocaidiogiaphie and 
muscular actiiity logained 

Biieflj, it was found (Table I) that both potassium citiate and magnesium 
sulfate alone produced lapid cardiac airest The incidence of fibiillation 
following administration of tho magnesium salt alone, howevci, made this drug 
undesirable Bj combining the two agents, fibiillation was usualh asoidcd and 
the eoncoiitiation and quantity of potassium citrate could be reduced 


Tibie I Induced CArDiAc Appest in the Isolated Cat IIeapt 


SOLUTION INJCCTED 
(10 ML ) 

MJMBEP OP 
TPl\LS 

AVEPACE TIME 
TO \l PFST 
BEAT 

(min ) 

TIME TO PE 
SUML BEtT* 

(min ) 

INCIDENCE OF 
UBI irL\TION 

K t>it 1 G per cent 

5 

OG 

2 1 

0 

MgSO^ 3 GO per cent 

7 

12 

1 2 

3 

tiv Cit UgSO, 

1" 

03 

1 7 

0 

fK Cit ArgSO, + 10 mg 
Benadrj 1 

7 

10 

1 7 

0 

tK Cat MgSO, + 12 5 mg 
Pyribcnzanunc 

7 

3 0 

19 

0 

tK Cat MgSO< + 0 5 mg 






carx 

to 54 Gm potassium citrate ml 2 4" Gm 
pH 7 4 with sodium bicarbonate (-00 mcq/L 


magnesium sulfate per 100 ml adjustel 
magnesium and 50 meq /I potassium ) 


to 


Using those data, a basic solution was c\ol\ed containing 2 47 Gni per cent 
niagnesmin sulfate (HgSO,7ILO) and 0 54 Gm pei cent potassium citiate 
[KjCCoHsO,) H.O] biought to pH 74 with sodium bicaibonate The addition 
of small quantities of Piostigmin oi one of the antiliistaramics” seemed to 
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further decrease the incidence of fibrillation in the isolated cat heart. The 
bradycardia produced by Prostiginin also theoretically decreases metabolism 
during the critical period after resumption of cardiac activity. 

The results were then applied to a series of normothermic and hypothermic 
dogs undergoing right ventriculotomy Avith inflow and outfloAv tract occlusion 
for varying periods of time. 


EXPERIMENTAL, DATA 

Methods.—Prior to each experiment, 100 ml. of the magnesium sulfate- 
potassium citrate solution Avas pi’cpared and the pH adjusted to 7.4 Anth 
sodium bicarbonate. In the majority of instances, Prostiginin (1 mg. per 100 
ml.) A\ms added to the solution. 

Dogs Aveighing 9 to 20 Kg. Avere ane.sthetized Avith sodium pentobarbital 
(30 mg. per Kg.) and artificial respiration begun at a rate to ensure moderate 
hj’perventilation. When hypothennia A\'as desired, this Avas accomplished by 
immersion in ice Avater. Pcetal temperatui-es in tlie hypothermic animals 
ranged from 24°-28° C. The right chest Avas entered and the azygos vein 
ligated. Touniiquets Avere placed about the venae caA^ae and through the 
transverse pericardial sinus about the aoiha and pulmonary artery. A purse¬ 
string suture of fine silk Avas placed in the adventitia of the proximal aorta 
in order to prcA-'ent bleeding from the injection site. As the inflow and outfloAV 
tourniquets Avere tightened the cardioplegie solution Avas rapidly injected into 
the aorta through a No. 20 needle AAuth a slightly curved tip. Care Avas taken 
that the needle tip remained distal to the aortic Amlve cusps. The injection Avas 
continued until all Ausible cardiac contractions ceased and the heart failed to 
respond to mechanical stimulation of the ventricle. The needle Avas then Avith- 
draAATi and the hemostatic suture tied. With the heart motionless and empty, 
right ventriculotomy Avas performed and repaired in a leisurely fashion. 

After completing the cardiotomy, the outfloAv tourniquet Avas loosened and 
coronary perfusion resumed. In the acute experiments to be discussed, the 
brain Avas protected by hypothermia during the period of circulatory arrest 
and the cardioplegie solution Avashed out Avith oxygenated Kinger’s solution 
introduced under pressure through a Foley-type catheter in the subclavian and 
brachiocephalic arteiy. During this period of time, the right auricle Avas 
opened to allow egress of the perfusion fluid and prevent overdilatation of the 
heart. When satisfactory cardiac rhjdhm resumed, the coronarj’- circulation 
Avas primed Avith oxygenated blood through the catheter, and the venae cavae 
opened sloAvly. After removing the catheter, the animal AA^as observed for 
varying periods of time. 

Physiologic studies undertaken during these experiments included electro¬ 
cardiography, femoral arterial blood pressures, and determinations of blood 
pH, sodium, potassium, magnesium, chloride, and carbon dioxide. 

’ IMore recently using a simple extracorporeal pump-oxygenator system^® to 
maintain the systemic circulation, cardiac activity Avas restored simply by 
releasing the outfloAv tourniquet and alloAving coronary perfusion to resume 

with oxygenated blood. 
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RESULTS 

Fourteen acute experiments were perfoi’med on hypothermic dogs, each 
undergoing riglit ventriculotomy. One and six-tenths per cent potassium citrate 
was used to induce cardiac arrest in 6 of the animals and the potassium citrate- 
magnesium sulfate-Prostigmin mixture in eight of the experiments. The 
quantity of drug injected averaged 21 c.e. for potassium citrate and 24 c.c. in 
the potassium-magnesium-Prostigmin group. Duration of complete cardiac 
ischemia (outflow occlusion) ranged from 6 to 14 minutes (average 9.4 minutes). 
Resumption of regular cardiac rhj'thm occurred in 13 of the animals following 
coronary perfusion with Ringer’s solution. Ventricular fibrillation developed 
in the first experiment when difficulty svith the perfusion catheter occurred and 
resuscitation was attempted by cardiac massage. Two of the dogs (both in 
the potassium citrate group) subsequently developed ventricular fibrillation 
prior to completing the operative procedure. This low incidence of fibrillation 
in the hypothermic animals seemed quite remarkable to us considering the 
crude method of coronary perfusion and the surgical manipulations undertaken. 

The time required for return of a satisfactory heartbeat in these experi¬ 
ments ranged from 2 to 10 minutes (average 4.7 minutes). The 11 dogs 
siuwiving the operative procedure maintained a satisfacto^’ blood pressure 
and eleotrocardiogi'aphic pattern until sacrificed 30 minutes to 9 hours later. 
To test the toxicity of the solution, 3 of these animals were given a second 
injection of the cardioplegio agent rapidly by systemic vein during the observa¬ 
tion period. Except for a temporary fall in blood pressure and bradycardia, 
this injection was tolerated well. 

Survival experiments performed in combination with the pump-oxygenator 
system have confirmed our initial impression of the feasibility of this technique. 
The ease of resuming coronary perfusion by simply releasing the aortic tourni¬ 
quet greatly simplifies the procedure, and no other resuscitative efforts are 
necessary. Table II summarizes the results in ten e.xperiments employing the 
pump-oxygenator and one in which coronary perfusion was re-established with 
Ringer’s solution under sterile conditions. The longest period of total inflow 
and outflow occlusion without serious arrhythmia and with long-term survival 
has been 21 minutes. The ttpper limits of tolerance have not been established 
as yet. From these early observations, it appears that the time required to 
resume normal cardiac activity is directly proportional to the duration of 
ischemia, but the factor of coronary flow rates may be significant. During this 
interval, support of the systemic and coronary circulations must be accomplished 
by the artificial heart-lung apparatus. Although normal cardiac rhythm was 
re-established in all animals, deiitlis occurred in several due to secondary hypo¬ 
tension or failure to regain consciousness. This mortality has been attributed 
to prolonged extracorporeal circulation at flow rates which are now considered 
inadequate. 

Electrocardiographic tracings of one of the surviving dogs are depicted in 
Pig. 1. After 11 minutes of complete ischemia, the heart 
normal electrocardiogram within one minute after resuming cc 



Table II. Reselts in Dogs Undergoing Right Ventriculotomy During Induced Cardiac Arrest 
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In other expeiimeuts, vaijing degrees of auiiculai \entiiculai block nith 
bizaiie QRS complexes neie noted duiing the lecorery period These eondrre 
tioir drsturbances ratrrshed as the perfirstorr corrtrrnred and the pofassrum and 
ntagnesrnm of the eatdroplegrc solrrtrorr nete crashed amy 

Eleratiorr ot setrrin potassrum and magnesnira nas minrmal desprte the 
fact that no especral effort had been made to present entry of the cardroplegic 
solutron rrrto the general crrculatiorr rn nianj of these expenments The hrghest 
potassium and magnesium lesels noted folloning resumption of cardiac aetisity 
are not uithin the genoiall} aceoirtcd toxic range 
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30 MIN LATER BP IZO 


PUMP OXYGENATOR STOPPED 



Fiff 1—Electrocartliotram (Lentl II) of doff undergoing right \cntriculotomy ^^ith controlled 

cardiac arrest. 


The blood entering tlie iiglit auricle dnrtng coionai\ perfusion but prior 
to resumption of cardiac actiMtj appealed "cll satniatcd uitli oxjgcii Al¬ 
though no definite conclusion eonccintng the oxvgcii coiisiimptioii of cardiac 
muscle duiiiig induced aricst can be made rntboiit florv measurements, the 
marked decrease in femoral arterial eoionair sinus oxrgon diffeience as de 
teimiiied m se\en experiments seems significant (Table III) • 



table II. Results in Dogs Undergoing Eigut Ventriculotomy During Induced Cardiac .iVrrest 
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In other experiments, xamng degiees of annculai xentiieular bloeh luth 
bizarie QKS complexes iieie noted duimg the lecoiery period These coiidiie 
tion distuibanees xanished as the peifiision eontinned and the potassium and 
magnesiuni of the oaidioplegie solution weie washed away 

Elexation ot seium potassium and magnesium Mas minimal despite the 
fact that no especial effoit had been made to pieient entry of the eaidioplegio 
solution into the geneial cii dilation in many of these expeiiments The highest 
potassium and magnesium Icicls noted following lesiimption of cardiac activiti 
aie not Mutliin the geneially accepted toxic laiige 
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CONTROL BP I25rrim/H0 



II MIN BP 125 

INFLOW OUTFLOW OCCLUSION 
INDUCED CURD A-" ARREST 



I MIN AFTER RESUMING CORONART PER 


FUSION 


BP 100 120 


fl 


-( -r- ^ ^ -4: 
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^/iFli^VK'wl 

30 M N LATER BP 120 

fUM’’ OXfCENATOR STOPPED 



Fib 1 —rieclrocprdiotram (Lead II) of dog undersoinB rigi 1 aentrlculotomj Mlth controlled 

cardiac arrest 

The blood eiiteiing the light auiicle duiing coioinii peifusion but prior 
to resumption of cardiac actiiitj appealed "cIl saturated Mitli oxxgen Al¬ 
though no deGiiite conclusion concerning the oxygen consumption of cardiac 
muscle dining induced aiiest can be made luthoiit floii measurements, the 
maiked decrease in femoral aiteii.il coionan sinus ova gen difference as do 
temimcd in seaen expeiiments seems significant (Table 
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Table III. Femoral Arterial-Coronary Sinus Oxygen Differences (Vols. %) 


experiment number 

1 

2 

3 

4 

5 

6 



Diflow occlusion; heart 
beating; perfusion with 
pump-oxygenator before 
cardiac arrest 

62.0 

47.3 

10.3 

50.0 

59.2 

14.4 

47.5 

41.5 

Inflow occlusion; imme- 
diatel}' after resumption 
of coronary perfusion but 
prior to return of heart¬ 
beat 

5.4 

2.3 

5.4 

4.7 

7.5 

0.0 

0.0 

.3.6 


DISCUSSION 

These results confirm and extend the experiments of Melrose and Lara 
and further demonstrate the feasibility of elective cardiac arrest as an adjunct 
in open-heart surgery. Beeau.se of the variable time necessary for resumption 
of adequate cardiac activity, this technique must always be used in conjunction 
with a satisfactory pump-oxygenator to maintain the systemic circulation 
whether or not hypothermia is present. It is noteworthy that the danger of 
serious arrhythmia during ventriculotomy in the hypothermic animal is almost 
abolished by this technique. This finding opens up a new avenue for investi¬ 
gation concerning the merits of moderate hypothermia in conjunction with the 
low flow pump-oxygenator techniques advanced by Lillehei. 

Whether the magnesium sulfate-potassium citrate-Prostigmin solution is 
superior to potassium chloride or potas.sium citrate alone in inducing cardiac 
arrest in the intact animal must await further study. It is ivell Icnoivn that 
both potassium and magnesium stop the heart in diastole. The combination 
lessens the danger of systemic toxicity from either one alone. The addition of 
an antifibrillatoiy drug such as Prostigmin seems warranted, e.specially, as 
previously mentioned, in view of the resultant bradycardia on recovery. 

The metabolism of the heart during induced arrest appears to be different 
from normal because it can ivithstand complete ischemia for longer periods of 
time than the beating heart without apparent damage. The maximum period 
of total inflow-outflow occlusion with long-term survival in these experiments 
was 21 minutes in the hypothermic animals and 11 minutes in animals not 
previously refrigerated. The upper limit of total ischemia which can be 
tolerated safely using this technique has not been established as yet. Kohde'^ 
found that the metabolism of the arrested heart was less than one half that of 
the normally contracting heart. The results of our determinations of arterio¬ 
venous oxygen difference are suggestive of a marked decrease in metabolism 
during arrest. This problem is being investigated further. 

SUMMARY 

Following experiments on the isolated cat heart, controlled cardiac arrest, 
using a solution of magnesium sulfate and potassium citrate, was induced in 
a group of normothermic and hypothermic dogs undergoing right ventricu- 
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lotomy It nab found that this technique is feasible in allonmg lecoicij attei 
prolonged peiiods of complete cessation of the ooionaiy ciiculation and in 
pieicntiiig soiious aiihithmias dining caidiotomj 

The application of this method to cardiac siirgeii is discussed 

AD0ENDUJI 

Tins motliod of controlled cardme arrest has been used in 2 patients operated upon 
with temperatures of ^0® C and 31* C, ^espeetl^elJ >.ormal heart action returned in 
hotli One c ise, n 2ucekold infant, died because of an irrcp liable anomil} an hour after 
induced standstill Tlie othei, a Tjearold bov \iho had both \Lntricular and auricular 
septal defects closed, surM\cd twentj three minutes of extracorporeal circulation and 
seienteen minutes ol cardiac standstill Though he regainel consciousness and had normal 
blood pressure, he died tnehc hours later from the results of irreversible vascular changes 
in the lung 
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THE NEUTRALIZATION OF HEPARIN BY PROTAMINE IN EXTRA¬ 
CORPOREAL CIRCULATION 

Raymond Hurt, M.B., P.R.C.SA (by invitation), Herbert A. Perkins, M.D. 
(by invitation), John J. Osborn, M.D. (by invitation), and 
Prank Gerbode, jM.D. 

San Francisco, Caeif, 

A t the conclusion of a Iieart-Iung by-pass with an extracorporeal circula¬ 
tion, it is necessary to neutralize the antieoagulant action of the heparin 
Avith protamine. If this is not done adequately, continued hemorrhage will occur 
and lead to an extensive hemothorax. During the course of studies in extra¬ 
corporeal eireulation in dogs, it became apparent that the protamine itself may 
cause several side effects; it may cause an increase in the clotting time if given 
in excess, it may cause a shocklike syndrome, or it may cause a thrombocj-to- 
penia. At the conclusion of the by-pass, it is therefore important to avoid an 
overdose of protamine, and to give only sufficient to neutralize the heparin that 
is circulating in the blood at that time. A method of protamine titration has 
been developed in order to estimate the correct dose, and it is the purpose of 
this paper to describe this method of protamine titration briefly, and then to 
present data Avhich demonstrate some of the undesirable side effects of the 
intravenous injection of protamine. 

A method of protamine titr.\tion 

It is diffieult to e.stimate the correct dose of protamine for the following 
reasons: (1) The dose of protamine required to neutralize heparin in vivo is 
not the same dose as is required for its neutralization in vitro, (2) preparations 
of heparin and protamine varj^ greatly in their effect and, (3) the quantity of 
protamine required to neutralize a given dose of heparin will decrease Avith 
increasing time from the point of heparin injection. Therefore, a method of 
protamine titration in auvo has been developed in order to estimate the required 
dose. 

The method is briefly as folloAA's: Tlie protamine that is to be used subse¬ 
quently is set up in 11 small tubes in concentrations of from zero to 50 meg. in 
a volume of 0.1 ml. One milliliter of blood is added to each tube, AAdiich is in¬ 
verted once to mix its contents. Tlie tubes are inspected at the end of 15 minutes 
to see Avhieh have clotted. The dose of protamine required to neutralize the 

From the Departments of Surgery and Medicine, Stanford University School of Medicine, 
San Francisco, Calif. , 

Aided hy grants from the United States Public Health Service and the American Heart 

Associfl-tion. • 
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liepann m tlie cnculatmg blood js then calculated by taking the conconti ation 
of piotamine in the tube that has clotted uitli the least amount of protamine and 
multiph nig this eoncentiation by the estimated blood i olume ot the dog (Fig 1) 
This method of piotamine titration' has demonstrated that in the past a 
considerable excess of piotamine lias often been giien It has also sliouii lion 
easy it is to pioloiig the clotting time ot the blood bj a lelatnely small oiei 
dose of piotamine 

PROTAMINE CONCENTRATION megm/ml 
O 5 10 15 20 25 50 55 40 4? 50 


BEFORE 

PROTAMINE 


AFTER 

PROTAMINE 



□ CIOTTCO TUBES 

riff 1 —An example of a protaimne titration The upper row of tubes shows that a 
clot formed In those uJilch contained protamine In concentrations greater than 25 mlcrofframs 
per milliUter The dose of protamine required bj the dog can be estimated by the method 
described in the text 

The lower row of tubes demonstrates a second confirmatory titration and shows how 
an excess of protamine In the tube at the extreme rlglit pre\entei the formation of any clot 


THE ErrECT or E\TR VCOBPORr \L CJRCUI \TI0N on PROTt'MINr SHOCK 

The oecuiienee of a toxic leaction following the rapid intiaienous iiiioction 
of piotamine was lepoited by Japelli" and subsequenth bj otliois woikeis' 
This toxic leaction is manifest by a fall in blood pressuio and an increase in 
the depth and late of lespuatioii 'When it oecuis at the conclusion of a bcait 
lung bypass the animal max pass into a state of shock fioiii which it inai 
never lecoxer Howevei, the reaction is xerx xaiiable and depends on the species 
of animal, the dose of piotamine, and even on wlictliei oi not the animal is 
anesthetized In the dog, foi example, 2 ing piotamine pel kilogiam of body 
weight will lesult in a tenipoiaij fall in blood piessiire if the aiiiiiial is aiios 
tlietized, wliereas the same dose to an niianestlictized animal will cause no reac 
tion The repoits of different workers aic contiadictoi}, howevei, and tins 
may be accounted foi bj a diffeicnce in the souice, and theiefoio the method 
of manufacture, of the piofainine 

Despite these vaiiablo and, at times, coiillietiiig icpoits, it appealed tint 
the reaction which followed the inicction of piotamine into the iioinial dog 
was verv much less severe than that winch so often occuried following its use 
at the conclusion of a lieait hnig bj-iiass with an extiacoiporeal pump oxvgeii 
ator It IS known that theic inav be coiisidciable dsmasc to the blood durina 
Its passage through an cxtiaeoipoieal circuit and it was thnm'lit tlmt ilia. 
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might have some connection with the occurrence of a more severe reaction 
to the protamine. In fact, tlie severity of the reaction might be an indication 
of tlie extent of such damage. 

In order to ascertain whether or not this was true, a study was made of 
the effect of an intravenous injection of a standard dose of protamine into 
normal lieparinized dogs. This was compared to the effect of a comparable 
dose of protamine into dogs wliose blood had been passed through an extra- 
eori)oreal pump. 


jMKTHOD 

Adult mongrel dogs weighing between 6 and 11.5 Ivg. were used. They 
wei’c anesthetized with intrave}ious Nembutal, 30 mg. pci- kilogram of body 
weight. 

Effect of Protamine on Normal Dogs. —Heparin (Upjohn heparin sodium, 
10 mg. per milliliter) was given intravenously in a dose of 2 mg. per kilogram 
bodj' weight. Forty-five minutes later an approximatel.y neutralizing dose of 
protamine, 1 mg. protamine per milligram heparin (Eli Lilly protamine sulphate, 
1 per cent), was injected intravenously over a period of about 3 seconds and 
the effect on the blood pressure and pulse rate noted on a continuously recording 
oscillograph. 



Fig. 2.—Schematic diagram of the apparatus used to produce a traumatic perfusion. 


Effect of Protamine on Dogs ^SHiosc Blood Had Been Damaged l>y Passage 
Throicgh an Extracorporeal Pump. —Heparin was given ijitravenously to these 
dogs in a similar dose to that used in the normal animals. The pump system that 
was used to traumatize the blood is shown diagrammatically in Fig. 2. Blood 
from the carotid artery was collected in a reservoir from which it was pumped 
back into the femoral artery by a Sigmamotor pump. In order to increase the 
resistance against which the pump had to work and so produce an adequate 
amount of damage to the blood, a conical glass connecting piece was inserted 
in the circuit between the pump and the femoral artery. The rate of flow was 
250 to 480 ml. per minute and the time of perfusion was 30 to 45 minutes. Five 
minutes after the perfusion was completed the appropriate dose of protamine 
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was given intravenously over a period of 3 seconds and the effect on the blood 
pressure and pulse rate noted as before Tire degree of damage to the blood 
was assessed by plasma hemoglobin estimations at intervals during the coni-sc 
of the perfusion. 


BFSULTS 

Ejfect on Normal Dogs .—Observations were made on 12 dogs. A t.vpical 
response to the intravenous injection of protamine (in a dosage of 2 mg. 
per kilogram of body weight) is shorvn in Fig, 3. About 25 seconds after the 
injection, there was a sudden fall in blood pressure from 200/160 to 130/80 
mm Hg lasting for 6 seconds, following which it gradually rose to its original 
level in 18 seconds. This type of response was obtained in 9 dogs. Tlie blood 
pressure remained low for 6 to 20 seconds and returned to iiorTiral in 15 to 50 
seconds Iir some cases, theie was also a definite bradycardia lasting tor up to 
15 seconds (Fig. 1), This maj' be called a noimal leaction in an unperfused 
dog. 



Figr 3—A t>pical protamine( reaction in a normal doi? showing the brief duration of the 

h> potension 



Fig 4—A protamine reaction in a noinial dog showing a transitory bracljcardia 

In 3 dogs the reaction was more severe. The blood pressure remained low 
for one-lialf to 2 minutes and did not return to normal for 2 to 5 minutes The 
fall in blood picssuie was accompanied by a slight but definite biadycardia. 

Eicet on Perfused Dogs. —Obsen-ations were made on 14 dogs The de¬ 
gree of hemolysis produced b.v the Sigmamotor pump vaiied between 10 and 24 
mg hemoglobin per cent after a perfusion lasting 30 minutos, and between 20 
and 78 mg hemoglobin per cent after a perfusion lasting 45 minutes, except 
in one case in uhicli tliere was an extreme degree of hemolysis of 1,440 iiig. 
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hemoglobin per cent. A typical reaction to the intravenous injection of the 
protamine is shown in Fig. 5. About 30 seconds after the injection there was 
a sudden fall in blood pressure from 180/140 to 100/80 mm. Hg lasting for 
2 minutes, following which it gradually rose nntil it Avas back to normal in 
8 minutes. In some cases, e.specially those in AA'hieh there AA^as a le.ss prolonged 
fall in blood pressure, there AA'as a A’eiy definite bi'adycardia AAdiich persisted for 
several minutes after the blood pressure had returned to normal (Fig. 6). 



o 


3 4 6 3 

j MINUTES AFTER PROTAMINE INJECTION 

Fig. 5.—A typical protamine reaction in a perfused dog, showing a prolonged period of 

hypotension. 



Z S 

MINUTES AFTER PROTAMINE 
INJECTION __ 


Fig. 6.— A. protamine reaction in a perfused dog, showing a period of bradycardia. 


These tAvo types of severe reaction Avere obtained in 9 dogs; in 7 the blood 
pressure remained Ioav for one-half to 16 minutes and did not return to normal 
for 2 to 26 minutes, AA'hile in 2 the fall Atms AA'ithin the limits of a normal response 
in an unperfused dog, but none the less a very marked bradycardia developed, 
lasting for 2 and 5 minutes, respectively. 

A slight reaction resembling that already described as the normal response 
in an unperfused dog occurred in 3 cases. The blood pressure remained Ioav for 
5 to 15 seconds and returned to normal in 15 to 40 seconds. 

A more marked reaction, bift one that Avas not sufficiently great to be 
classified as severe, Avas obtained in 2 dogs. 
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A statistical analysis of these lesults (using Kenclall’s i foi tied lanhs”) 
shons that tliej are significant (significance at 2 pei cent Iciel) and that a 
seieie leaction occiiiied moie frequentlj in the case of the peifiiscd clogs 

DISCUSSION 

The lapid injection of piotamine intiaieiioiisly has been slionn to cause 
a pionounced fall in blood piessiirc, the seieiitj of nliich depends on nhethoi 
01 not the blood has been damaged In passage tliioiigh an e\ti acoi-poi eal circuit 
It maj also cause a leij definite biadjcaidia, both in the noimal and in the 
peifiised dog The diiiation of this hiadjeaidia is laiiahle, it niaj last foi 
oiilj a few seconds, o\en though tlic blood piessiiie is still Ion, oi it may last 
for SCI oral minutes after the blood picssuie has letuined to its oiiginal lo\cl 
The seieiitv of the biadyeardia is independent of the change in blood picssuie 
and it Mould theiefoie appeal lilccly that they aie not associated This is m 
agiccment Mith Jaques’ non” tliat the fall in blood picssuie is due to an 
aitenolai dilatation since the plnsiologic effect of such a change Mould be a 
quickening rather than a sloMing of the pulse into As fai as is knoMui, this 
bradycardia has not pieiiotish been leported as part of the to\io icaction to 
protamine 

The seieiitj of the reaction to protamine does not appeal to coiiespond to 
the degree of damage to the blood as judged by plasma hemoglobin estimations 
though, of course, this estimation only measuies one aspect of blood damage 
It is interesting to note that in the one case in mIiicJi the blood was intentionally 
damaged veiy severoh (plasma hemoglobin of 1440 mg pei cent aftei 45 
minutes) there Mas a fall in blood pressure lasting only 15 seconds 

The results of the in\cstigation arc summarized iii Table I Mliieh shows 
that 9 out of the 14 peifused dogs (64 3 pei cent) developed a severe leaction, 
as compaied Mitli 3 out of the 12 uiipcrfiised dogs (25 pei cent) Tliese le 
suits are statistically significant and show that the se\eie leaetioii occuriod 
moie commonly in the perfused dogs 


Table I 


REACTION 

1 NORMAI; DOOB | 

1 1 LI Eusm DOOS 

Slight 

9 

3 

Moderate 

0 

2 

Sc\ ero 

3 

9 

Pot'll 

12 

14 


Piotamine is piohably less to\ic to man than it is to dogs” ® but iieyeilhe 
loss it IS possible that a moie scveie icaction might occvii following the admin 
istration of piotamine at the conclusion of a heait lung by pass in human be 
mgs The effect of the consequent hypotension and hiadvoardn would be c\- 
aggerated by the open thoiacotomy and might well weigh bendy against tlie 
Slimy al of the patient 

As the reaction is likely to be less seyerc if the piotamine is giyeii slowly, it 
IS consideicd adyisahle for the ding to be giycn oiei a neiiod ot seicral mniiitos 
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Table n. The Effect of Peotaauke ox XoKJt.Ui Dogs 


! 

BOG 

XO. 

FALI. IX BLOOD PP.ESSERE 
(MM. HG) 

FP.O.M 1 TO 

TIAIE OF 

JIAIX F.VLL 

IX BIAIOD 

PRES.SUP.E 

TIME U.VTIL 
XORMAL BLOOD 

PF.ESSL'RE 

BF.ADV- 

CAP.DIA* 

P.EACTIOX 

1 

200/160 

130/80 

6 see. 

IS sec. 

0 

Slight 

7 

200/130 

120/50 

2 min. 

4 min. 

-f- 

Severe 

8 

180/100 

140/60 

10 see. 

20 sec. 

0 

Slight 

11 

140/90 

90/40 

12 sec. 

20 sec. 

0 

Slight 

12 

160/120 

120/80 

IS see. 

25 sec. 

0 

Slight 

19 

140/100 

60/40 

20 sec. 

50 sec. 

0 

Slight 

20 

160/120 

100/60 

10 sec. 

40 sec. 

0 

Slight 

21 

180/140 

100/70 

30 sec. 

2 min. 

-h 

Severe 

22 

160/120 

40/10 

30 sec. 

5 min. 

+ 

Severe 

23 

180/120 

110/70 

15 sec. 

45 sec. 

0 

Slight 

24 

140/100 

80/40 

10 see. 

50 sec. 

0 

Slight 

26 

160/100 

100/60 

15 sec. 

40 sec. 

0 

Slight 


•Bradycardia : + = lasted for 1 minute or less. 


Table III. Tpie Effect of Peotamixe ox Perffsed Dogs 


DOG 

XO. 

TIME OF 
PERFESIOX j 
(MIX.) j 

PLASMA 

IIGB. 

AFTER 
PERFFSrOX 1 
( MG. 7c ) 1 

F.VLL IX BLOOD 

PRESSt'RE 
(.MM. HG) 

FROM 1 TO 

TIME OF ] 
it.VIX 

FALL IX 
BLOOD j 
PRESSFRE 

TIME 

UXTIL 

XORMAL 

BLOOD 

PKES.SFRE 

BRADV- 

CAP.DIA* 

REACTIOX 


30 

10 

180/130 

150/60 

5 sec. 

15 sec. 

•f- + •*■ 4* 

Severe 

3 

30 

18 

140/100 

80/50 

16 min. 

26 min. 

4. 

Severe 

4 

30 

22 

190/140 

160/70 

10 sec. 

30 sec. 

X 

Interme¬ 

diate 

0 

30 

24 

200/150 

150/100 

10 sec. 

30 sec. 

0 

Sliglit 

6 

30 

10 

200/130 

120/50 

30 sec. 

SO sec. 

X 

Interme¬ 

diate 

9 

45 

1440 

180/1 

100/? 

5 sec. 

15 sec. 

0 

Sliglit 

10 

45 

25 

180/140 

100/80 

2 min. 

8 min. 

0 

Severe 

13 

45 

25 

180/130 

130/100 

50 sec. 

5 min. 

0 

Severe 

14 

45 

31 

140/100 

90/70 

30 sec. 

2 min. 

^ X X X 

Severe 

15 

45 

20 

140/100 

100/60 

15 sec. 

40 sec. 

T 

Slight 

16 

45 

32 

160/? 

80/7 

2 min. 

Tlnin. 

0 

Severe 

17 

45 

78 

180/110 

80/20 

10 sec. 

20 sec. 

+ 

Severe 

IS 

45 

36 

160/100 

80/30 

1% min. 

10 min. 

X 

Severe 

25 

45 

40 

150/100 

80/40 

2 min. 

11 min. 

X 

Severe 


•Bradycardia; -H-++ = iasted for 5 minutes. 

+J- = iasted for 2 minutes. 

= lasted for 1 minute or less. 


THE EFFECT OF PKOTAMIXE OX PLATELETS 

In seven of tlie above experiments, platelet counts •svere carried out imme¬ 
diately before and, at short intervals, after the injection of the protamine. In 
each case there was a marked fall in the platelet count, the severity of which 
coiTelated well with the degree of shock produced. This thrombocj-topenia 
follovdng the administration of protamine was demonstrated hy Jaques,® in 
1949. It is not known whether the fall in platelet count is the cause or the 
result of the drop in blood pressure, but further investigations are in progress 
to elucidate this point. 

SUilAIARY 

A method of protamine titration has been described by which it is possible 
to estimate the correct dose of protamine at the conclusion of a heart-lung 
by-pass. 
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A study has been made of the effect of the intia\enous injection of a 
standaid dose of piotamine (2 mg per kilogram of bodj iveiglit) on normal dogs, 
and also on dogs iiliose blood has been damaged bj passage thiough an extra 
corpoieal circuit 

The protamine has been found to cause a fall in blood piessiuc and a 
biadjeardia iiliieh oecui independentlj of each othei The scieritj of the 
leaction is variable, but is much moie marked in those dogs whoso blood has 
been damaged by passage thiough an extiacorpoieal eueiiit 
The effect of piotamine on platelets is biiefly discussed 
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DISPOSABLE MEMBRANE OXYGENATOR (HEART-LUNG J\rACHINB) 
AND ITS USE IN EXPERIMENTAL SURGERY 

Donald B. Effler, ]\r.D., AVilleji J. Kolff, M.D, (by invitation), 
Laurence K. Groves, JI.D. (by invitation), and F. IMason Sones, Jr., M.D. 

(by invitation) 

Cleveland, Ohio 

INTRODUCTION 


O perations in the open heart at normal body temperature require heart- 
lung machines as a substitute for cardiopulmonary function (Fig. 1). It 
was believed for a long time that the machine would have to pump and oxygenate 
blood in amounts equal to the normal re.sting cardiac output—at least 100 ml. 
per kilogram of body weight per minute. However, Andreasen and Watson^’ ‘ 
in England have shown that dogs survived at least 35 minutes of occlusion of 
both venae cavae when only the azygos vein was left open and cardiac output 
was reduced to 10 to 18 ml. per kilogram of body weight per minute. Lillehei, 
Varco, and co-workers^'" have greatly advanced cardiac surgery in this country 
by using this principle. In dogs, they found that flow rates of 30 to 45 ml., 
as provided by cross circulation or some tjTie of artificial heart-lung apparatus, 
were more suitable than the "azygos flow” rates of 10 to 18 ml. per kilogram 
per minute. Their successful experience with more than 110 patients has estab¬ 
lished the principle and the procedure as being clinically valid. 

The possibility of using a small-flow rate revived the old idea of oxygenating 
blood in an apparatus using membranes. The advantages are obvious: there 
are no air bubbles, the possibility of air embolism is excluded; blood is not ex¬ 
posed to foam or screens or metal, so that potential sources of fibrin formation 
are eliminated. 

During the earliest experience with the rotating type of ai’tifieial kidney in 
human beings, Kolff and Berk® observed that blue blood which entered the 
machine would become red during its course through the dialyzing tubing. 
Brubaker and Kammermeyer® compared the gas permeabilities of various mem¬ 
branes and found that polyethylene is permeable to both oxygen and COo. 
CloAves and associates^® showed that the oxygenation of blood through a 
membrane of polyethylene of 1-mil thickness is much better than that through 
a membrane of 1.5-mil thickne.ss. Kolff and Balzer” demonstrated a disposable 
artificial lung, later described in detail,^- at the first meeting of the American 
Society for Artificial Internal Organs in 1955. It is based on the principle 
of oxygenation through a polyethylene membrane. One lung unit Avill oxygenate 


+v>o ■npritiT-tments of Thoracic Surgery and Cardiovascular Disease and the Division 
of Refear™h Th? cfev”and Clinic Foundation and The Frank E. Bunts Educational Institute. 

Cleveland, ^ Thirty-sixth Annual Meeting of The American Association for Thoracic 

Surgery at Miami Beach, Fla., May 7 to 9, 1956. 
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75 ml. of blood per minute; this, at a flow rate of 35 ml. per kilogram of body 
weight per minute, con-esponds to the requirements of a 2-K:g. dog. By placing 
more than one unit in parallel, we can adapt the apparatus to dogs (or to 
children) weighing from 2 to 21 Kg. (4 to 47 pounds). During use, each lung 
unit holds 500 ml. of blood. Recent refinements in manufacture have reduced 
the amount of blood necessary to fill each unit to 270 ml. 



orteriol pump 

Pig. 1.—Diagram sliowlnj? general principles of artiflclal maintenance of circulation. The 
blood la sucked out through tuo cannwlac from the venae cavac. It Is oxygenated and Is 
pumped back Into a branch of the aorta. In this case the left subclavian artery. The 
Jlow in the proximal part of the aorta Is reversed and tho coronary arteries having tliclr 
openings above the aortic valve are provided with blood by the machine. When ligatures 
arc tied around the roots of the venae cavae nml the axygos vein, no blood will enter the 
heart, except that coming from the coronary sinus and the thebesian veins. 

DKSCRIPTION or APPARATUS 

The Artificial Lwiy .—After trjdng out VJirious sizes, wo selected the follow¬ 
ing typo of polyothylono lung: 7-meter long .strips of plastic-coaled Fibcrglas 
screen envelope two polyctliylcno tubes (Fig. 2). The polvctl 1ms 
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a lay-flat diameter of 2 inches and its wall-tliickness is 1/1000 of an inch (1 
mil). The two tubes have an oxygenating area of 14,000 sq. cm. On each 
side of the tubing are spacers to allow some distention of the tubing when the 
blood flows through it. The 7-meter long strips are wound around tin cans 



Fig’. 2 .—Cross section of membrane arrangement of the artificial lung. There are three 
layers of Fiherglas ■window screen, two tubes of polyethylene, and three pairs of spacers (to 
allow space for the tubes to become distended with bloodj. (Cross section through one coll 
of lung.) 



•p'i„ 3 _^^Vrtiflcial lung (right) and artificial lung in a plastic bag with tube for oxygen inlet 

at the bottom. 


(10 cm. in diameter) and are provided %vith inlet and outlet tubing. The com¬ 
pleted coil (Fig. 3) is placed in an ordinary transparent plastic bag, such as 
that used for vegetables. Warm (40° C.) oxygen is blotvn into the bottom part 
of the artificial lungs at a rate of 30 L. per minute (for eight lungs). A string 
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IS tied aionnd tlie top of the bag, just tightlj enough so that o\jgen flow will 
distend the bag, but loosely enough so that CO> and excess oxjgen maj escape 
through the top The lungs aie prefabiicatcd and steiilized with ethylene oxide 
by Baxtci Laboi atones* and can be kept sterile until needed Since the lung 
units are contained in transparent plastic bags, a blood leak can be seen The 
lungs aic pretested at the factory, and in our cxpeiience only one in approxi 
mately 160 units had to be replaced because of a leak 

The Pumps—We use commercially axailable fiiigei pumps (Sigmamotor 
pumpst) The xariable reduction transmissions in these pumps haie been pio 
iided with dials foi ealibiation 

The Blood Giicmt -—In ordei to maintain a constant volume of blood in 
the oxx genator system we have adopted the thud pump, as did Jlillei, Gibbon, 
and Gibbon 

The center section of Fig 4 outlines the lung circuit The first step is to 
recirculate blood thiough this cncuit at a constant rate The lung pump is set 
to proiide a flow slightly in excess of the maximal flow planned for the expeii- 
meiit Since blood flow thiough the lungs, resistance in them, and the volume of 
blood that accumulates in them aic stable, the blood m the collecting manifold 
assumes a constant level Polyethylene is permeable to oxxgen and CO» but 
IS almost impoimeable to watci, so that there is no appicciable loss through 
eiapoiation Changes in \olume of as little as 20 ml can be detected 

To establish an artificial circulation, the aitcrial pump is set at a predetei 
mined late (usually 35 ml pei kilogiam of body weight pei minute) and the 
venous pump is adjusted so that rates of inflow and outflow are identical, as 
judged fiom the level in the collecting manifold Since the volume of blood 
in the manifold and burette is large, accidental sudden reduction of inflow docs 
not immediately deplete blood fiom the machine oi lesiilt m an embolisnl 
When reduction of inflow does occur, it usually indicates that the dog has lost 
too much blood, so that caval flow is inadequate When this is the case, the 
dog IS transfused from the tiansfusion burette Inadequate caval flow or ob 
stiiiction of venous catheters may be iccognired fiom an excessive negative 
piessure in the manometei attached to the bubble catcher in the venous line 
Blood Used —^Blood is diawn into silicomrcd blood tiansfusion bottlesj: 
containing 12 mg of hepaiin in 30 ml ot diluent consisting of glucose, 2 5 jici 
cent, and sodium chloride 0 45 pei cent in watci Each bottle icccivcs 500 ml 
of blood Usually the blood is collected by puncture ot the femoial aiteiy 

It IS unnecessary to fill the machine with saline solution piioi to use The 
equipment is assembled diy and it is diicctly primed with blood This avoids 
undesirable dilution of the donor blood with saline solution 

The blood lost during opoiation is collected in a measuring cylindei that 
IS coated with antifoam A so that the volume can be measured aceiirateh with 
out being obscuied by foam An equivalent volume of blood is icplaccd and 
an additional 15 ml per kilogram of body weight is tiaiisfused duiiiig eich run 

•Baxter Laboratories Morton Gro\c Illlnol’' 

tSlgmamotor Inc Middleport Isew lork 

$ProvI(le<l through the courtesy of Baxter Laboratories 
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TECHNIQUE 

In tlie flvst series ot experiments a total oi 140 dog operations were per¬ 
formed. The animals were prepared for surgery by antibiotics (penicillin 
400,000 units, and streptomycin mg. 0.5) the day before. Five to 15 mg. of 
morphine was given preopera lively; endotracheal anesthesia was employed 
routinel}’ using Pentothal sodinm (1 per cent), siieeinyleholihe supplement, and 
oxygen. 

In the early experiments, testing of the oxygenator was the main purpose, 
and oannulations were performed from the neck. Later, to prepare for clinical 
use, intrathoracic cannulations were performed and every effort was made to 
simulate a human operation. Tlie operative technique has been described by 
Lillehei and co-workers. The experimental operations were carried out in gi-aded 
sequence (Table I). At first only eaval occlusion was employed to test the 


Taule I. Results of Experiments tVmi Artificial Heart-Lung Machine 


LIGATURE OF | 

RIGHT AURICLE I 

RIGHT VENTRICLE 

INTERATRIAL 
SEPTAL DEFECT 

iNTERYENTRICUIiAR 
SEPTAL DEFECT 

VENAE CAVAE | 

OPENED j 

opened 

MADE AND CLOSED 

MADE AND CLOSFD 


+ 


+ 


+ 


Each + or - represents one dog. 

+ =i Poff survived and recovered completely. 

- = Pog died within two days after the operation. 

-• = Dog died more than one week after the operation 

oxygenator’s ability to sustain the animal. Tlic individual heart chambers 
were opened and closed; finally septal defects were created and closed. AVitb 
each step there was an initial toll until experience and analysis of mistakes 
brought improvement. 

BESULTS 

Hemolysis .—Dog blood liemolyzcs readily and hemolysis depends largely on 
the method of drawing blood. Good control of hemolysis was achieved by draw- 


— ’ -g circuit. JJIood coming from tlic >cnac cavac passes a bubble 

manometer that indicates the degree of suction. The venous 
tJie Jung circuit. The arterial pump at right, pumps tiie 
:uit through two niters, and a bubble catcher witli a posltlvc- 
imeter Indicates the animal’s blood pressure when the pump is 
te sum of the animal’s blood pressure, plus the pressure ncc- 
e in the arterial lines and cannulae wiillc the pump is running. 
* lung circuit. The lung pump is set at a rate slightly higher 
than the highest rate at which the arterial pump will work in the particular experiment. The 
sDoed of the lung pump is not changed; with both \cnous and arterial pumps not running, an 
eoullibrium Is established and the blood in the collecting ninnifnm eio..™ 

When the venous and arterial pumps are started and the If 
of the machine are exactly alike. 
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ing blood into siliconized bottles® and by avoiding the formation of foam. Often 
4 dogs 'were operated upon on the same day with the same blood in the machine; 
plasma hemoglobin in the machine taken at the beginning and end of the day 
showed an average increase of less than 20 mg. per hundred milliliters. Hemo¬ 
globinuria Avas never obsen-ed. 

Oxi/ircnaO'o?).-^Determinations were initially made by the Van Slyke 
method; later the reflex oximeter of Brinkmanf was used. One lung unit could 
O'^ygenate 75 ml. of blood per minute. Although oxygen saturation of venous 
blood is low Avhen the small-flow principle is used, the oxygen satui’ation of the 
arterial blood still vras over 90 per cent. 

Acxdosis (pH and COn ).—The dogs were hj'perventilated prior to the run 
on the heai-t-lung machine. CO; is cffectiAmly removed from cii’culating blood 
when recirculated in the o.xygenator; although the CO; is reduced during rc- 
eix’culation of blood the pfi is only slightly altered. 

iMetabolic acidosis must be expected during extracorporeal maintenance of 
circulation especially Avhen the small-flow principle is folIoAA'cd. With sodium 
bicarbonate this acidosis can be corrected. A continuous drip of sodium bicar¬ 
bonate (4.5 meq. per kilogram body Aveight made up to 100 ml. AAuth 5 per cent 
fructose in Avater) is routinely administered during the run. A second do.se is 
given during the first three hours postoperatively. 

Temperature .— The oxygen going into the artificial lungs A\'as heated to 
40° C. but no other heating of the blood in the machine Avas proA’ided. Con¬ 
sequently the dogs shoAA'ed a fall in body temperature doAxm to 34° C. during the 
nin. Tliis AA^as corrected AAuth a heating pad. 

Disturhances in Clotting Mechanism. —The tendency of the animal to bleed 
has created difficulties for numerous inA'estigators in this field. We also haA^e 
lost a number of dogs from oozing or diffuse liemon-hage. In our recent experi¬ 
ments this complication has become rare. Heparin has been given: 0.8 mg, 
per kilogram of bodj* Aveight to the dogs and 12 mg. per 500 ml. of blood. 
Heparin AA'as neutralized with protamine sulfate (Upjohn), 25 mg. for small 
and 50 mg. for large dogs. This aa^s folloAved by a continuous intravenous in- 
fu.sion of the .same amount of protamine sulfate to prcA-ent “heparin rebound.” 

Heparin Rebound. —This is a treacherous hemondiagie phenomenon. Wlien 
heparin is neutralized by protamine sulfate, the clotting time becomes normal 
in a matter of minutes. However, protamine sulfate seems to he eliminated 
from the blood stream before heparin is, thus leaA’ing the heparin uncovered, 
as demonstrated by protamine titration.^" 

Thrombocytes .—Usually there is a transient faU in platelet counts, but it 
did not ahvays occur. Within one hour the platelets Avere back to normal. The 
excellent clot retraction after administration of protamine sulfate also indicated 
normal platelet function. 

Prothrombin Times .—During treatment AAuth the artificial heart-lung, pro¬ 
thrombin times changed no more than might be expected from hemodilution.^^ 


‘Baxter Laboratories, Morton Grove, ItUnoIs. 
fJIanufactured by I^ipp in Delft, Holland. 
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This e-xeliides (hmage to the curly pfmses of (iic cJoffitif; mcclKiin'siii in (lie (wo 
experiments stiidiof! 

Bhcihni/ Tvin .—Slabbing with ii beinulct into tlio iimlcrHiirfnce of llio 
dog’s tongue at the end of the cxperiiuont and ailer iidniinis(riilif)n of ])ro(ii- 
mine sulfate did not reveal a prolongation of (lie bleeding (inie in any of (he 
dogs in which il was tested. 

The general conclusion in regard lo elolliiig nieehanism with thin lyin' of 
artificial heart lung is that when heparin is- nde(|iintel,v nentraliml with jiro- 
tannne sulfate, only transient changes in the clotting mechanism oeeur. Within 
15 inmutes, the changes leveit lo normal. Ilouever, fhe use of old hlood, huge 
amounts of drstiaii or failure to clean parts of the niaehhie off eels Die elolliiig 
inecl-anism dis,)--lr nisly. 



5—In f/i/n. Hr Ti'C*- IJ- jO-lO 
f«le-3 at U tltJ-n lO-n-'E-jt" At IS- firyt nrrw-\ tl- ffrtf'Ui It 

ana tl-^ jAtt arosn-l v-na- ca-va-. Tl--- It I. Harp C'ft'j Ui arOrtO pfr-rji- 
darSa tfer i lcr"-a^ rrlrut^s' II- roOI Y-rt.*-»r.V f*. r/jr It ir r-P'/O, ce-l «I U-f, 
arro^ tf-aratn- -- a*- reraev-C Pr-Wi II- caer- /l-cr-j i'r.»rprr rtr-r f-lml Its rro/ 

nthla a f-r- r-pl-* 


drtcrid fre —^Arterial presanri- rangrd from 2.i to •70 mm- ffg d-ir- 

in° occlusion of t- venae eavae and exftaeorirvr'ai t-irrtihf'mi, at -'f / rd, p'r 
Idioorain per mins-r it resum'd to If/) rim. Ifi 

iKL-e of the venae te.-e in mod rin.^nU fFig. 

Teiww Blofd Fr^-iv.'-e.—Ti.e e-yntinno-i- obyr.aticri of tl< se//i/-i; 
nresnire during t.’ie Uf-ri '.‘ry f dpW m_-c/.ve 

Len trouble aro=e Araeu Vri- iie -.-ovxa prv-^-tr and the artc.-vai 


v.itr.ln 5 nft'^r re- 

hWA 


ir.,r the docs sboald t Iranfcwd. A.i-'v. p.-i-'-i.-e 

rblb’wbile the arterial rr-^- lor. t?.e of trovhv fy- i/hn- 

’ = ri,!,.-! It rsai tia-tae-fo-uirj-c/f :r" f^.w-rcr- 

rar be Jaflvj*-. ' '' -'a'.' ".erg. 


than loa; of blood. Itt'ia.- 

tended heart is too tiebt or* --r.- 
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‘‘Second Run .”—Tliirteen clogs had low arterial blood pressure after the 
experiments, which evidently was due to cardiac failure. Extensive cutting 
into the interventricular septum probably was tlie cause. It has been possible 
to bi’ing them into better condition by reconnecting them to the artificial heart- 
lung machine, leaving caval flow intact and using either the original cannulae 
or peripheral cannulation. In some dogs the artificial heart-lung machine was 
restarted two or three times. One dog was reconnected to the machine five hours 
after completion of the first experiment. It recovered. 

Vcniricidar FihriUaiion. —Yenti'icular fibrillation bas occurred only three 
times in 125 expertments. Cardiac massage was not necessary durmg artificial 
maintenance of the circulation. The heart of one dog (No. 61) flbrillated after 
it had been closed and the machine had been stopped. The machine was started 
again for 8 minutes before a defibrillator was available. The heart of a second 
dog (No. 106) began to fibrillate 30 minutes after completion of the cardiac 
operation. The eanmilac still Avere in place and he was reconnected to the 
machine. The heart of the third dog (No. 113) started to fibrillate Avlien the 
chest Avas opened. The dog quickly AA’as connected to the artificial heart-lung 
macliine. Ventriculotomy AA-as performed and the heart AA^as defibrillated. AH 
three hearts could be defibrillated, and normal cardiac action and blood pre.ssure 
AA'ere restored, although later aa'C lost the dogs. The last dog died tAA'o days 
after the operation from atelectasis. Fibrillation also has occurred, as Avill be 
discussed latex-, in dogs treated AA-ith elective potassium arrest; they recovered. 

SUMMARY 

Artificial heart-lung machines opei-ate on the principle of taking blood 
from the occluded venae cavae, oxygenating it, and retui-ning it to the aorta, 
so that the heart is bj'-passed. The artificial lungs described here oxygenate 
blood Avhile it floAvs through polyethylene tubing. The lung unit discussed has 
an oxygenating ai’ea of 14,000 sq. cm., aauII oxygenate 75 ml. of blood per 
minute, and holds 500 ml. of blood. A i-eceut i-efinement in manufactui-ing re¬ 
duced the amount of blood needed to “pi-ime” a unit to 270 ml. The lung units 
are disposable and simple enough to be mass-produced. As many as ten xinits 
may be used in parallel. 

Experience in about 140 experiments in dogs is revieAved. Anesthesia was 
light and blood loss Avas fully replaced. Oxygenation Avas more than 90 per cent, 
even AAdien the venous infloAv Avas highly imsaturated. Hemolysis Avas negligible. 
Lletabolic acidosis AA-as countered, first by hj-perA-entilation, and secondly by 
operative and postoperative infusions of sodium bicarbonate (4.5 meq. per 
kilogram of bodj- Avcight each). Serum sodium increased AA-ithin the normal 
i-ange and serum potassium Avas not changed. 

Bleeding problems Avere largely overcome. Transient disturbances of clot¬ 
ting mechanisms during the run, quickly reverted to noi-mal. “Heparin re- 
boimd” Avas recognized by protamine titration. It Avas corrected, and later pre- 
A-ented by repeated doses or infusion of pi-otamine sulfate. 
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AN ARTIFICIAL LUNG DEPENDENT UPON DIFFUSION OF OXYGEN 
AND CARBON DIOXIDE THROUGH PLASTIC MEMBRANES 

George H. A. CLO^^^!:s, Jr., M.D., Amo.s L. Hopkins, Ph.D, (by invitation), 
AND WiLLiAJi E. Neville, ]\I.D. (by invitation) 

Cleveland, Ohio 

A PRACTICAL blood oxygenator dependent upon the diffusion of gases 
through plastic membranes has been constructed and tested. It is the pur¬ 
pose of this paper not only to present this apparatus but to outline the physio¬ 
logic concepts which entered into its development. 

Denaturation of proteins is known to occur at a gas fluid interface,^ and 
several years ago we demonstrated the formation of fibrin emboli by a bubbling 
type of oxygenator.® This resulted in brain damage and a high mortality in 
dogs perfused for more than one-half hour. Despite the outstanding successes 
of Lillehci and his co-workers using a bubbling device® and by Kirklin and his 
associates' using the Gibbon filming oxygenator, it was believed necessary to 
explore the possibilities of completely protecting blood from gaseous oxygen 
as is done in tlie naturally occurring gill aud lung. Kolff and Blazer,® employing 
a modification of the Inouye artificial kidney,® have approached the problem 
from a similar viewpoint. 

The experiments to be presented were divided into two parts. The first, 
to determine the permeability to oxygen and carbon dioxide of the available 
thin plastic films; a variety of these were tested in a diffusion chamber. The 
second dealt with the development and study of models to employ ethjdcellulose 
and polyethylene membranes. Prom these studies have come an understanding 
of certain principles which govern the use of membranes for the oxygenation 
of flowing blood. 


permeability of MEMBRANE.S TO BLOOD GASES 


The rate of diffusion of oxygen and carbon dioxide througli a variety of 
thin plastic membranes was measured in an apparatus containing a known 
quantitj’- of venous blood on one side of the membrane and flowing oxygen on 
the other. Temperature was maintained at approximately 33° C., and the 
blood was kept well mixed by constant motion. Samples were taken every ten 
minutes for Van Slyke analysis," or for determination of oxj^gen saturation by 
the Wood oximeter.® The rate of oxygen diffusion through the various mem¬ 
branes was compared bj’' the formula: 

AOs content (vols. %) x volume blood ^ 

c.c. Oj dilTusion/sq. m. surface arca/min. surface area membrane (sq. cm.) x AT (nun.) 


From the Department of Surgrery, Western Reserve University School of Medicine, Cieve- 
land City Hospital, Cieveland, Ohio. Society 

This project was in part supported from a grant from the Cleveland Area Heart buvi 
R ead at the Thirty-sixth Annual Meeting of The American Association for Thoracic 
Surgery at Miami Beach, Fla., May 7 to 9, 1956. 
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To assme tlie gieatest attainable lalue foi each membiane, measurements 
of AOa content were made during the sleep part of each dissociation eui\e 

In Table I are given data indicating that of the aiailable films tested, 
etlij Icellulosc, one mil in thickness,* is superior to other mateiials in its oxigen 
peimeabilitj Polyethilcnef and puie cellophane f ne\t in order of effieiencj, 
compare favoiablj in eeitain lespects iiitli etlijlcellulose Both etliiIcellulose 
and polyethj lenc do not permit passage of eleeti olj-tes, although etln Icellulose 
permits water to evaporate at a leiy slow late thioiigh itself Cellophane 
lapidlj becomes coated with a dried deposit if fluid is not used on both sides 
This IS a seiious disadiantage foi use in oxjgenation in that the membiane 
becomes ineieasingly less permeable to gases Also consideiable quantities of 
fluid may be lost by evaporation through this film Caibon dioxide was 
found to diftuse out of blood tliiougb all thiee films at a late piopoitioinl to 
the oxygen uptake 


Tabll I Rate of Osxgen Diffusion Through Plastic Mfsirfanes Into Venous Blood 


MEMBRANE 

THICKNESS 

(INCHES) 

C 0 Oi/SQ 
\ARI tTION 

METER/MIN 

1 MEAN 

Etlijlcellulose 

001 

7 6 131 

114 


003 

3 7 5 2 

43 

Poljethj lono 

ooos 

62 89 

82 


001 

6 3 8 1 

7 0 

Cellophane 

001 

7 0 7 7 

74 


003 

51 69 

60 

Poljtinjlchlonde 

005 

11 16 

1 4 


010 

0 6 0 72 

07 

Polystyrene 

001 

-0 28 

25 

Mylar 

0002 

04 10 

05 

Chlonnated rubber 

0004 

0 2 06 

04 


Wheieas, polyethylene is soft, pliable, and can be heat sealed, etlijlcellulose 
IS brittle, fairly oasilj torn, and cannot be sealed The former is aiailable 
either as tubes or sheets, but the lattci, being a cast membiane, is obtainable 
at present only in sheet foim Both membranes of one mil thickness hare 
tinj pinhole perfoiations, but there are manj moie at present in a gnen 
surface aiea of ethylcellulose than of poljethvlene 

DEXrnOPMFNT OP IN OXXGEMTOR FXIPLOXING UrHXLCrLLULOSE JirXIBRlNES 

A vaiiety of small models wcic constructed to test the possibilitj of using 
ethjIcellulose and polyethylene menibianes to oxjgenate flouing blood 

In general, tiro methods for support of membranes iicie tried The fust 
depended upon floiiing blood along a screen iiith ethiIcellulose membiancs on 
eithei side held in apposition by oxi gen pressure outside The second depended 
upon giooied surfaces to hold the membianes togethci Blood flowed between 

•Made available tbrouph the kindness of the Plastics Technical Sen Ice The Dow 
Chemical Company Midland Mich 

•‘Kindly supplied b> the du Pont Conipan) llmlngton Del and the Dobeckmtm 
Company Cle\ eland Ohio 

JI\.Jndl> supplied b> the ^ isklng Corporation Chicago Ill 
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the membranes, wliile oxygen flowed in the grooves outside. Since sheet mem¬ 
brane was used, it was necessary to support all four edges by rabber gaskets 
to prevent leakage. 

The best of the latter type was developed into a multilayered apparatus 
with 6 square meters of surface area capable of supporting the whole circula¬ 
tion of small dogs u]? to two houi-s with complete recover}’’. 

JIETHODS AND PROCEDURES 

To evaluate the efficienc.y as well as the damage to blood done by each 
model of tlie oxygenator, the follo^ving general procedure has been followed. 
Venous blood from a heparinized dog was pumped into the apparatus between 
the layers of membrane and made to flow at a laiown rate. The oxygenated 
blood coming from the apparatus was I’eturned under pressure to the carotid 
artery in such a fashion that the brain was perfused. This matter was estab¬ 
lished by the injection of radiopaque d}’e into the blood as it was perfused 
into the carotid arteiy. An x-ray made approximately five seconds later 
revealed the whole of the cerebral circulation to be outlined. These procedures 
were carried on for a minimum of one horn* and usually longer. Sigmamotor 
pumps were used for convenience. 

During each experiment the following observations were made: (1) oxygen 
and carbon dioxide contents of the venous and arterial blood as it entered 
and left the apparatus wex’e determined by the method of Van Slyke; (2) 
blood Row was accurate?}' determined in euhie eentimeter per minute by timed 
collection of outflow in a resexwoir, thus, it became possible to calculate exactlj’’ 
how much oxygen was passing into the venous blood per minute per square 
meter of surface area; (3) pressure of blood entering the apparatus was 
measured by a mercury manometer attached to the inflow line giving an index 
of resistance; (4) the electro-encephalogram was recorded on a Grass oscillo¬ 
graph during the perfusion; (5) clinical observations were made on the dog 
to determine evidence of brain damage. 

RESULTS 

Although considerable efficiency in oxygenation was obtained by causing 
blood to flow down a screen between layers of membrane held in close apposition 
by exterior oxygen pressure, imperfections in the membrane resulted in oxygen 
being forced into the film of blood. This caused bubble formation and 
immediately defeated the object of the membrane oxygenator. 

Attention was devoted entirel}', thereafter, to the development of oxygena¬ 
tors in which the oxygen pressure was maintained at a lower pressure outside 
the membrane than that of the blood inside. A variety of techniques for 
using wire screens or givoved surfaces for outside support of the membranes 
were tried. Screens tended to tear the membranes. Hard rubber ridges -iwth 
1/S-ineh grooves between, when placed at 60 degrees or at 90 degrees to each 
other on the two sides of the membranes, resulted in a tjqxe of point suspension. 

If these were firmly held together, enough stretch took place in the membranes 
to allow the blood to flow between them. O.xygen was made to flow in the 
grooves outside the membranes. 
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Resistance -nithiii the owgenatoi ^^as found to be propoitional to the 
distance blood uas made to flou between the membianes and imeisoly piopoi 
tional to the width of the film as it flowed across the oxjgenating unit To 
reduce the lolume of blood trapped within each unit to a niiiiinium, it was 
neeessaij to maintain as thin a film as possible with distiibutiiig channels down 
the sides of each unit of as small a cioss section aiea as possible It will be 
seen bj the diagiam in Fig 1 that the side distiibutmg channels aie made bj 
the bulging of the two membranes into the space hetwecii the lubbei gaskets 
and the hard rnhhei diagonal iidges AVithout increabing lesistanco mateiialh, 
it was found that the flowing blood lolume of each unit could bo icdueed to 
betw ceil 40 and 60 c c 



Blood Inlet CnxM 


Coaipreasd Air: IbOnm 
Blood film Flowin i] 
Betwean Plastic M^bmnes 


Plastic Membranes 

Longitudinal Blood Channel 
’Longitudinal Oxygen Channel 
bi^en Flowing in Diagonal liibber Grooves 


Fig 1—A cross sectfon diagram of the multiple unit membrane ox>gonator slowing tho 
course of blood and oxygen flow 


Eth>lcellulose, one mil thick, m single units intiodiiccd on the a\ciagc 
86 cc of oxjgeii pei squaie mctci of siuface aiea per minute into hlood 
flo^Mng at 100 cc per minute This compaics nith the theoretical value of 
114 obtained from the data m Table I Thiough pol}eth>lone (0 8 mil), 
o\jgen diffused at a latc of 5 cc pei sq H per minute which is appioximatch 
the same ordei of cfficiencj If the flow was i educed to 50 c c pcx unit, the atrio 
ventricular (AV) difference of blood oMgen content did not double, and 
oxygen was tiansmitted less cfficienth In all plobablJlt^ this ^\as due to a 
leduction of pumping picssiuc to about 85 mm Hg vhich failed to open all 
the channels between the groo\es 

Blood from single units being tested was pumped into the caiotid aitciics 
of dogs at a rate of 100 c c pei minute foi pciiods of one to foui hoiiis There 
was no endence of biain damage in these animals as indicated b\ a dcpicssion 
of electroenceplnlogiam potential Thej rccoicrcd without incident 


V AILLTIPLF LMI MFMBUVXF OXlOEMTOR 

A multmnit apparatus is ilhistiated in Fig 3 A \aiiablc inimbci of 
units weie emplo-scd depending upon the surface aica desiicd The scpaiators 









634 


CLOTVES, HOPKUCS, A2sD ICE'STXLE 


J. Thoracic Sur;r. 
zsovemhcr, 1956 


whieli contain the grooved surfaces for support of the membranes are illus¬ 
trated in Fig. 2. Each of these is constructed of hard rubber flooring material 
ivith 1/8-inch grooves between the ridges Avhich are set at a 60 degree angle 
to each other and at a 30 degree angle to the crosswise direction of blood flow. 
This is mounted on 1/8-ineh gum rubber and is surrounded by a 1/8-ineh gum 
rubber gasket. The actual oxygenating surface upon which the membrane 
lies measures 10 by 42 inches. To avoid tearing the membranes, the grooved 
material is slightly beveled along the sides. 



Fig-. 2.—^Illustration of the grooved separators for support of the membranes. The upper 
■ator is inflatable. The flexible rubber tubes at the ends are for the introduction and exit 
:ygen. Show-n at the top is a roll of ethylcellulose, one mil thick. 

The diagram in Fig. 1 illustrates the way in which the apparatus functions, 
lugh a manifold, venous blood enters each unit at one corner under pressure, 
mnecting tube lying between the membranes held firmly in the blood inlet 
ive pex’mits the blood to enter the .space between the membranes. Di.stending 
membranes slightly in the space between the gasket and the grooves, the 
d flows down the side. Being forced across the oxygenating area in a thin 
it collects on the opposite .side in a similar longitudinal channel dmra 
;h it flows to an outlet tube. Tliis lies in a groove in the diagonally 
isite corner to the inlet tube. The oxygenated blood is collected by a 
ifold si-stem to be pumped back into the arterial circuit. 

Pressure of the grooved surfaces against each other for support of the 
ed membranes is maintained by every fourth separator being inflated to 
■essure of 160 mm. Hg. Tliis is illustrated diagrammatically at the bottom 
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of Fig. 1. In Fig 3, tliree tubes may be seen connected to tliese units at the 
middle of the near end. Stacked up units are lield between lieavy pieces of 
plastic at top and bottom. The whole apparatus being firmly clamped to¬ 
gether with large “C” clamps. Oxygen enters each rrnit through a flexible 
rubber trrbo and flows down the longitudinal space betweerr the gaskets and 
the grooves It then passes across through the grooves to the opposite longi- 
trrdinal space to exit at the far corner. At the near corner of Fig. 3 is shown 
the oxygetr distributing manifold connected to the oxygen inlet tubes. All 
exterior blood connections are made of plastic or gum rubber. Glass is almost 
entirely eliminated. 



Fig 3—^The 12-unit membrane oxygcnatoi In operation as seen from the end into which \enous 
blood js being pumped 


Using this device, it has been found that the greatest efficiency in oxygena¬ 
tion is produced if approximately 100 e c per minrrte of blood is pumped through 
each rrnit. Thrs reqrrires a pressure of approximately 120 mm. Hg Data on 
oxygen transmission to blood by the mrrltiple-rrnit system are given in Table II. 


Table H. Bate op Oxygen DiFrosroK Into Blood Plowing TnRouoit Oxagenator 


ME5IBRANE 

1 

INCHES : 

RATE OF FLOW 

(CC/SQ 

M./min.) 

BLOOD TRAPPED 

(C C/SQ 

M/area) 

. MEAN 

BLOOD Oj 

UPTAKE 

A V DIFF 1 

CC/SQ 

M./min. 

* 1 FFPICIENCY 

Elhylcellulose 

.001 

1!00 

80120 

41 

84 

747o 



100 

70 100 

62 

62 

54 % 

P 0 I 3 ethylene 

.0008 

200 

120 160 

27 

5.4 

71 % 


Note* Each unit of oxygenator has 0 5 square meter surface area. 
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Reduced flow rates resulted in less efficient oxygenation. Flow rates greater 
than 100 c.e. per minute through each unit caused bulging of the membranes 
and increased blood trapping within the apparatus. To maintain the optimum 
flow through the oxygenator a recirculation shunt was introduced to permit 
lower flows to the animal. Tlius, with a 12-unit system functioning well, it 
was possible to pump 300 c.e. of blood per minute with an A-V difference of 
16 volumes per cent, 600 c.e. with an A-V difference of 8 volumes per cent, 
or 1,200 c.e. with an A-Y difference of 4 volumes per cent. 

Ten dogs were subjected to partial perfusion through the carotid artery 
without brain damage. 'When total perfusions were undertaken with divei’sion 
of all circulation from the heai’t and lungs, it was found that cooling rapidly 
took place to levels between 28° and 32° C. Thereafter, a blood heater was 
incorporated into the arterial blood delivery line by which body temperature 
was easily controlled. 

A consecutive series of 10 dogs weighing up to 10 Kg. were subjected to 
total perfusions for periods over thirty minutes. In two instances this was 
carried on successfully for two houi-s, and in two others, for one hour. One 
dog died ten hours postoperatively of continued bleeding. In none of these 
was there evidence of cerebral damage. 

Ethylcellulose, one mil thick, was used for the e-xperiments described above. 
The chief problem encountered in this series was leakage of blood through 
very small holes in the membranes into the oxygen grooves rendering the 
apparatus less effective as time of perfusion progressed. Another two per¬ 
fusions were carried out using polyethylene film 0.8 mil in thickness. Leakage 
with this material was slight but oxygen transmission was less satisfactory. 

mscus.siox 

These experiments demonsti'ate that it is possible to oxygenate blood 
satisfactorily thi’ough thin plastic membranes provided that the surface is 
large enough to transmit adequate quantities of oxygen to sustain life without 
undue blood trapping or resistance to flow. Data in Table I indicate that 
definite limitations of oxygen transmission are imposed by the characteristics 
of the membrane used. Efficient use of the membrane surfaces was obtained 
by causing blood to flow in a thin film between them vdthout pooling, stasis, 
or channelling. This required even support of the membranes from the out¬ 
side. Resistance was reduced by a short but effective exposure of the blood 
to the membrane area as is done in the capillaries of the lung. To avoid 
undue trapping of blood in the apparatus, distribution to the film areas was 
accompHshed in the smallest channels consistent with reasonably low resistance 
to flow. Finally, oxygen was made to flow freely over the outside surface of 
the membrane to avoid channelling or stoppage of oxygen flow. This cor¬ 
responds to the mixing problems encountered in the lung. 

The lack of brain injuiw in animals, perfused so that the majority of 
the blood from the oxygenator was circulated through the cerebral vessels, 
suggests that embolus formation and other blood damage was minimal. 
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The multiple unit sjstem capable of expansion to furnish an adequate 
owgen supp]}^ foi a given organism has piovcd capable of sustaining life foi 
piolongcd peiiods when the heart and lungs aie lendeied inoperative The 
fact that each unit can tiansmit 4 cc of owgen per minute to flowing blood, 
jet onlj contains 40 to 50 e c of blood when in opciation, makes it a reasonably 
piactical piece of equipment foi clinical use It should be emphasized that 
this appaiatus is piescnted not as a finished article but as a functioning 
oxjgenatoi which illustrates the piinciples which govern the use of membranes 
ill the aitifieial oxjgenation of blood 

SUMM \R\ 

1 Diffusion tests suggest that of the available thin plastic membianes, 
ethjIcellulose peimits the gieatcst passage of oxjgen and caibon dioxide 
Polyethjlene is appioximatelv tluee fifths as effective 

2 Efficient oxjgenation of blood with membranes can be accomplished 
with a suiface aica adequate to tiansmit the iiccessaiy qiiantitv of oxvgen 
piovided lesistancc to blood flow and trapping of blood are i educed to a 
minimum 

3 A multilajeied sjstem has been constructed capable of oxygenating 
blood adequately for support of the cnculation oi dogs when the heart and 
lung wcie not functioning Nmo of 10 dogs so tieated suivived 

The authors wish to exprc«i3 thcir appreciation to Mr Howard Peicock for his interest 
and help in this project 


RFPERENCES 

1 Mirakj, A E Sulfhydryl Groups in Films of Ecff Albumin, J Gen Phjsiol 24 725 S3, 

1940 1941 

2 Clones G H A, Jr, Neville, W E, HofUins, A L, Anzola J, and Simcone F A 

Factors Contributing to Success or Failure in the U'^e of a Pump Oxygenator for 
Complete Bj Pass of the Heart and Lung, Experimental and Clinical, Surgerv 36 
557 79 1954 

3 Lillehei, C W, DoWall, R A, Road, R C, VVarden, H E, and Varco, R L Direct 

Vision Intracardiac Surgery m Man Using A feimplo Disposable Artificial Oxjgena 
tor, Dis Chest 29 1, 1950 

4 Kirklin J VV, DuShanc, J VV, Patrick, B T, Donald, D E Hetzel, P S, Harshbarger, 

H G, and Wood, E H Intracardiac Surgery With the Aid of a Mechanical 
Pump Oxygenator, Proc Staff Meet, Mayo Clm 30 201, 1955 

5 Kolff, W J, and Balzer, R The Artificial Coild Lung, Amcr Soc Art Int Organs 

1 39, 1955 

0 Inouye, W Y Construction and Performance of Our Diahzer, Amer Soc Art Int 
Organs 1 36, 1955 

7 Van Slyke, D D, and Neill, J M The Determination of Gases and Other Solutions bj 

Vacuum Extraction and Manomctric Measurement, J Biol Chem 61 523, 1942 

8 Wood, E II, and Geraci, J E Photoelectric Determination of Arterial Oxjgen Situra 

tion in Man, J Lab Clin Mod 34 387, 1949 



EXTEACOKPOEEAL CIECULATION FOE OPEN HEAET SUEGEEY 

Eussell M. Nelson, M.D., Ph.D. (by invitation), Hans H. Hecht, M.D. (by 
invitation), Eichard W. IIardy, M.D. (by invitation), Donald G. 
McQuarrie, M.D. (by invit.a.tion), and Joe Burge, M.D. (by invitation) 

Salt Lake City, Utai-i 

T he initial studies by Gibbon in 1937®* ® concerning the possibility of extra¬ 
corporeal perfusion for open heart surgery under direct vision have led 
to intensive im’^estigations in many laboratories. Since the first application of 
this technique in human subjects by the Minnesota group in 1951,^ this ap¬ 
proach has become more widely adopted. The definition of the “azygos flow 
principle” (or iierfusions of less than full cardiac output), by Cohen in 1954,- 
provided a factor which laid the foundation for controlled cross circulation, 
first successfully employed in human cardiac surgery by Lillehei and his asso¬ 
ciates in 1954.^^’ This method of perfusion demonstrated clearly that cor¬ 
rective open heart surgery was possible. Efforts were then accentuated to by¬ 
pass the heart temporarily by completely artificial means, thereby obviating the 
need for a human donor. Perfusions were next accomplished by means of a 
reservoir of arterialized blood,^® and oxygenation by means of a dog lung,“ 
followed shortly by wider scale application of the Gibbon type machine.^’ 

Still the need was apparent for the development of a less comple.x apparatus 
capable of pumping and oxygenating the blood for the time necessarj’- for the 
correction of intracardiac abnormalities. With this in mind, the technique 
to be described was developed. 

Since this work was inaugurated, Lillehei has used the DeWall artificial 
lung with repeated success, again demonstrating the reality of satisfactory 
extracorporeal circulation to permit intracardiac surgery under direct vision.^’’ 

method 

A. The Artificial Heart-Lung Apimratus .— 

1. The pump used is that developed for the cross circulation procedure of 
Lillehei.* It consists of a single explosion-proof electric motor (% horsepower) 
which drives tAvo finger pumps regulated by separate transmissions. By in¬ 
dividual adjustment of vernier control, the flow rates of the two pumps can 
be balanced.^® We have routinely employed Latex tubing, % inch I.D., to 
serve as the “ventricle” in the pumping chamber. 

From the Departments of Surgery and Medicine, University of Utah College of Medicine, 
Salt Lake City, Utah. 

Supported by grants from the University of Utah Alumni Development Fund, from the 
University of Utah Research Fund, tlie Ciba Pharmaceutical Company, and a cardiovascular 
training grant of the National Heart Institute (USPHS). 

Read at the Thirty-sixth Annual Meeting of tlie American Association for Thoracic 
Surgery at Miami Beach, Fla., May 7-9, 1956. 

*By Sigmamotor, Inc., Middleport, N. Y. 
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2. The oxygenator is dopioted in Fig 1 It consists of two coneentiie 
Lncite cylindeis Tlie inner cylinder constitutes the foaming chamber and 
measures li/i inches I.D. hy 14 inches in height The outer chamber is 4% 
inches m diameter and 17 inches in height Another antifoamcd-sercen lests 
below the top of the center colunm to loducc secondary splash effects It is 
sloped on the bottom to piovide for dependent drainage The outer chamber 



“ B>'°‘OETapli of (|,e artificial Inna u-eJ m = 
‘th/outrr recr.-trt 


Xo*" tl ^ 
”, ti-s: 


selves as a leseivoir for the ailerialized blood and a bubble trap, Thi- 
artificial lung represents a modification ot the buhb'--typ-= apparatus reported 
by other investigatorsd’ ’■ *■15 

Venous blood is introduced into the “lung' ‘1b-ntoc of the im - 
foaming chamber, Heie the blood is exposed to a raixnirc of f5 p- r ccrt 
oxygen and 5 per cent eaiboii dioxide comeyi-d from 11 := eras Mxit rm 
14 Fr. oxygen catheters introduced from the top. Bubble*- d r,^ a r*-^: _ 
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of tliis interaction rise to the top of the foaming chamber and spill into the 
outer receiving chamber which has been coated with Antifoam.* A fine mesh 
stainless steel screen and a metal sponge,! each coated vdth Antifoam, are 
placed just above the top of the foaming chamber in the event the column of 
bubbles should rise to this height. When the bubbles contact the Antifoam, 
decreased surface tension causes the bubbles to burst. Gas in the center of 
the bubble which has equilibrated Avith the excess carbon dioxide in the A'^enous 
blood then escapes through the top of the “lung.” The blood Avhich sur¬ 
rounded the bubble graAutates to the bottom of the reservoir. The bubble-free 
oxygenated blood is then ready to be pumped back into the arterial tree of the 
patient. Diagrammatic scheme of the circuit is shoAvn in Fig. 2. 



Fig-. 2.—This is a scliematic representation of the extracorporeal circulation employed. 
Blood from the vena cava and from the cardiotomy suction is pumped into the foaming charn- 
ber where it is mixed with 95 per eent oxygen and 5 per cent carbon dioxide. The reservoir 
blood is returned to the arterial system. 


The fioAv rate of gas into the artificial lung has been one liter per 100 ml. 
blood fioAV per minute. The blood from the first 5 dogs Avas exposed to 100 per 
cent oxygen, resulting in excesshm remoA’-al of carbon dioxide from the blood 
and respiratory alkalosis. Therefore, subsequent perfusions Avere carried out 
AAdth 95 per eent oxygen and 5 per eent carbon dioxide. To prevent the possi¬ 
bility of air embolism, a sizeable volume of blood, at least 1,000 ml., and prefer- 
ablj^ 1,500 ml., must be maintained in the reservoir at all times. 


*Dow-Corning Co., Midland, Michigan. 

tMetal Textile Corporation, Roselle, New Jersey. 
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TIio artificial oxygenator and tlie supporting brass ring stand are sterilized 
by autoclaving. Careful positioning is necessary during autoclaving because 
of the tendency of the Lucite to melt and become distorted. 

3. The tubing used is poljTinyl, a transparent plastic material, which is 
also sterilized by autoclaving. On the venous side of the circuit, the tubing 
measures inch I.D. and on the arterial side, inch I.D. Catheters for with¬ 
drawing and returning the blood likewise arc of flexible plastic which are 
autoclaved after being placed in open Pj'rex tubmg to prevent distortion. 
Sizes of the catheters range from 10 Pr. to 22 Pr., depending on the diameter 
of the vessel to be eannulated. 

4. Connectors and adaptors are of stainless steel with smooth tapered 
interior surfaces. 

5. An accessory Sigmamotor pump is employed to return the coronary 
sinus and Thebesian venous blood encountered during the open eardiotomy. 
This is returned to the venous side of the apparatus, oxygenated, and then 
reeireulated as shown in Fig. 2. 

B. Experimental Procedure .— 

Seventeen dogs ranging in weight from 12 ICg. to 25 ICg, were operated 
upon with a view toward survival. Perfusion was accomplished by aspirating 
blood through catheters placed in the superior vena cava via the azygos vein, 
and the inferior vena cava, reached by way of the right aurieular appendage. 
Blood was returned into the abdominl aorta by introducing a plastic tube into 
the superficial femoral artery. Perfusion flow rates were between 20 to 35 ml. 
per Kg. per minute. 

Intravenous Nembutal or Pcntothal sodium was used for anesthesia. 
Thoracotomy was performed through the right fifth intercostal space or 
anterior bilateral intercostal incision transecting the sternum. Positive pres¬ 
sure respiration was used in the open chest surgery.* 

After cardiac by-pass was instituted, a long incision was made into the 
chamber of the right ventricle or the right atrium or both, which incisions 
were held open up to thirty minutes. The incisions in the heart were then 
i-epaired with running 3-0 silk sutui'cs. During the by-pass of the heart and 
lungs, the positive pressure respirator was disconnected and the lungs allowed 
to deflate. 

The animals were heparinized (1.5 mg. per Kg.). Donor blood sufficient 
to prime the pump and reservoir -was collected, using ether for donor anesthesia 
and 20 mg. heparin per 500 ml. for antieoagulation. Protamine sulfate was 
used to counteract the heparin effect at the conclusion of the perfusion. 
Dosage employed was equivalent to that of the heparin previously adminis¬ 
tered. 

Catheter drainage of the pleural cavity was maintained for two to four 
hours postoporatively until the dogs had recovered from the anesthesia. 

•The authors gratefully acknowledge the 1 
the experimental and clinical procedures reporte 
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RESULTS 

A. Mortality Figures .— 

Fourteen of the clogs thus treated still survive, ranging now from ten to 
three months follovung the operation. One dog sueeumbed on the fifth postopera¬ 
tive day of canine distemper, a condition evident prcopcrativeb’ and confirmed 
hy microscopic study. One of the initial dogs died of generalized wound oozing. 

ARTERIAL O 2 (VOL.%) 



time, MINUTES K-PumpOn ^MaximumTimtOn Pump 


Fig. 3.—This figure plots tire values for arterial oxygen saturation, reported as volumes 
per cent at times indicated in minutes before, during, and after cardiac by-pass. It is evident 
that adequate oxygen saturation was maintained throughout the experiments. 


ARTERIAL COg (VOL.%) 



Fig. 4.—The values for carbon dioxide concentrations are recorded as volumes per cent 
at various times during the experiment. Note that the points for values obtained during the 
cardiac by-pass fall within the range for values determined before and after the by-pass. 

At that time, the artificial lung was made of glass. No similar complication 
has been observed since changing to Lucite. The third fatalitj^ was due to an 
inadvertent overdose of Nembutal. 

B. Physiologic Data .— 

1. Arterial oxygenation was monitored by a direct recording oximeter with 
samples obtained from an indwelling catheter in the carotid artery. Frequent 
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samples were analyzed by the teclmiquo of Van Slyke. Values obtained before, 
during, and after the period of cardiac by-pass arc indicated in Fig. 3. This 
was shown to represent virtually 100 per cent oxygon saturation of all samples. 

2. Tlie arterial carbon dioxide concentration, determined by the Van Slyke 
technique, was measured at intervals throughout the procedure. The data ob¬ 
tained ai'o plotted on Fig. 4. 

The mean values for oxygen and carbon dioxide concentrations are shown 
in Fig. 5, indicating maintenance of physiologic levels of gas concentrations 
during extracorporeal circulation. 

MEAN OX-fGEN a CARBON DIOXIDE CONTENTS IVOLV.) 



F]a 5.—\alues for oxygen ami carbon dioxICe levels are plotted above 



Fig G.—The mean values for pH show essentially the same variation during the period of the 
perfusion as in the pre- and postperfusion Intervals of open chest surgery. 

3. Arterial pH determinations are depicted in Fig. C. 

4. Plasma hemoglobin values consistently rose to a level of 120 mg. per 
cent at the conclusion of thiity minutes’perfusion. 

5. Eloctrocardiogiaphic pattenrs were monitoicd thionghout the experi¬ 
ments and have shown the expected transient injuiy patterns and firing of 
ectopic foci associated with the intracardiae manipulations. ’ Im'i-rv.as 
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manipulation of the interventriralar septum was a'vmided, no serious arrhyth¬ 
mias were encountered. The body temperature was not lowered in the belief 
that the heart at normal temperatm*es is less likely to develop dysrhythmias. 
Pulse pressure contoui’s were recorded using an optimally damped strain gauge 
galvanometer system. The records indicated that the arterial systolic pressure 
was maintained in the range of 70 to 90 mm. Ilg during the period of perfusion. 
None of the dogs has exliibited any discernible renal, neurological, or other 
sequelae. The 14 survivors are e\ddently normal in every respect. 


DI.SCUSSION 

Prom the foregoing data, it is evident that by the use of this relatively 
simple oxygenator, flow rates I'anging from 280 ml. per minute to 780 ml. per 
minute can be handled in dogs, maintaining arterial oxygen, carbon dioxide, 
and pH values within the range of variation observed before and after the 
perfusion. By this technique, it has been possible to open the right ventricle, 
right atrium, or both chambers for periods up to thirty minutes, with a regular 
incidence of permanent survival. The thirt 3 ’'-minutc period was chosen for 
study inasmuch as most intraeardiac defects can comfortably be handled in 
that time.^^ 

This method of cardiac by-pass differs essentially from others in the 
simplicity and effectiveness of the gas exchange chamber. Even larger flow 
rates (up to 4,500 ml. per min.) are possible bj’’ merely modifying the pump 
and increasing the height of the foaming and recoi\nng chambers of the ox.v- 
genator. These revisions are currently being evaluated in this laboratory. 


CLINICAL APPLICATIONS 

The use of this apparatus for human intracardiac surgery will be reported 
in detail elsewhere^" but may briefly’- be cited here. To date, 5 patients have 
had direct-vision open heart surgery during perfusion by this means. The re¬ 
sults are summarized in Table I. 


Table I. Human Tntracaudiac Surgery With By-Pass Technique 


AGE 

IF 


WEIGHT 



MINUTES ON 

(KG.) 

DIAGNOSIS 

PROCEDURE 

BY-PASS 

57 

Atrial septal defects 




(2) 

Direct suture 

7 


OUTCOME 


Survived* 


8 

28 

Atrial septal defect 




with pulmonary 
hypertension 

Direct suture 

31 

59 

Common atrium 

Direct suture 

4 

13 

Pulmonic stenosis 

Open valvuloplasty 

7 

16 

Tetralogy of Fallot 

Open valvuloplasty and 

_ _ _ i. 


suture of vent, septal 
defect 


*Operation performed Nov. 9, 1955. 

tDied 2% days postoperatively—renal failure. 


8 

Survived 

20 

Survived 

15 

Survived 

24 

Died! 


During each of these operations, the oxygen saturation was assessed by 
means of the ear oximeter, and found to be maintained at normal levels as long 
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as tlic flow late of gas -was appio\imatcIy one litei foi each 100 ml flo-\\ of 
hlood pei minute i\ra\imum flow in human pei fusions has been 2,100 ml pei 
minute 


CONCLUSIONS 

E\tiacoiporeal circulntion foi open heaitsmgeiv lias been aeeomiihshed bi 
means of a simplified plastic bubble tjpc aitifieial lung in coiipmction uith tlie 
Sigmamotor cioss cii dilation pump All of the appaiatus uliicli comes in con 
tact 'With blood is autocla^ed Pouitcen of 17 dogs subjected to open caidiot 
oiu\ foi periods up to tliiitj minutes still sunuc Analysis of blood o\}gen, 
caibon dioxide, pH, plasma hemoglobin clcctiocaidiogiaphic and pulse pies 
suic data indicates that physiologic langes aie picsened Plou lates up to 
2,100 ml pel minute ha'Ne been used Bnef icfeiencc has been made to the 
use of the appaiatus in 5 patients foi coiiectn e open heait suigeiy 

\DDE\DUM 

Since tins piper tas been pro^nited, llio apparatus Ins been sonjeinhnt revi*!^ A 
now Signi'imotor pump lias been emplojed which uses a % inch ID rubber tubing m the 
pumping chamber, thereb) increasing the pumping cnpicitj" to 4,800 ml per minute 

The oxygenating chamber lias been enlarged to 34 inelics in lieight anil is made of 
gla«s 411 surfaces nre carefully «uliconed No undesirable scquelHo lia\c been ob‘»er\ed 
from this cinngc This eliminates the problem of distortion of tlio chamber a«! 80 ciated 
with autoclnMng 

Homoljsis lias been reduced hj minimizing the turbulence in the bubbling column 
Tins lias been accompliflied bj introducing the stream of gas into tlie bottom of tho 
bubbling column through a thm rubber diaphragm perforated with manj tinj holes 
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A JIECIIANICAL PUJIP OXYGENATOR TOR DIRECT VISION 
REPAIR or ATRIAL SEPTAL DEFECTS 
BfRN \1!D S Le\0\\ITZ, MD (b\ I^VITVTIO^), Mflmk JI Newiiin, MD, 
JVCKSO'J II StUCKE\, JID (b\ I^\^TVTIO^l), JIwiF C ICtrnvn, JID 
(m lAMTlTIOJv), ILlRIil N ItICOMCI, MD (b\ INUTITION), 

Clvrencf Dennis, MD, PhD 
Broonlin, N Y 

T he desiio foi a clneot %asioii smgical appioach to mtracaidiac defects has 
stimulated the deielopment of mechanical pump ONjgeiiatois The laiious 
CNtracorpoieal ciicuits now available ha\e been designed to delivci pulsatile 
01 eontinuous flou s of blood o\\ geiiated b\ filming * " bubbling,“ diah sis,* and 
passage thiough the isolated lung= Paihiic of nnin ot these hi pass sistems 
to gam ■nidci cluneal application has been due to the potential hazards asso 
dated ivith the use of them An embolism of c\tia and mtncaidiae oiigin 
and homoiihago constitute the pimcipal dangeis to tlie icoipient 

The extiaooipoieal eiieuit described in this lepoit, a modification of an 
eailiei model,® has been used extensnelj in expeiimental proceduies to int esti 
gate these pioblems * Additional studies weie conducted to le define the 
acute metabolic changes in animals undergoing total bj pass since the phjsio 
logic alteiations suggested by pieiious icsults wcic not in accoid uith our cur 
lent concepts The niateiial in this picscntafion deals iiith oui CNpenence 
in the Cl cation and lepaii of iiitciatiial septal defects m 31 dogs and the sue 
eessful application of the pump oxjgenator to a elinieal case 

aiETIIOD 

Mongiel dogs -neighing 8 to 35 Kg weie anesthetized with intraaenous 
pentobaibital sodium, intubated, and placed on a mechanical lespiiafoi Sui 
geij uas peifoimed asepticallj The chest ivas eiiteied thiough the bed of 
the light fifth lib (fust 12 dogs) oi tianssteinallj iii the foiiith inteieostal 
space (19 dogs) The azigos lein -nas ligated in continuita The left sub 
claiian arteiy was exposed and divided distallj Aftei the pciicaidium had 
been nidep incised, the iiifeiioi and supeiioi icnae caiae -ueie isolated cxtia 
pericardiallj and simounded by sling ligatures Hemostasis nas obtained bj 
the use of electiocaiiterj Hepaiin (Connaught Laboiatoiies), 2 5 mg per 
kilogiam, was administoied iiiti a\ enoiisly at the completion of alt dissections 
Dining this initial piepaiation, the cxtiaeoipoieal circuit, nhich has been 
reported piCMOusb in detail' nas assembled (Fig 1) The flonmetcr nas 

rrom the Department of Surgrerj State Unuersity of Isew lork College of Jlcdlclne 
at New York Citj Brooklyn and tJie Uni\ersity Dulsion Kings County Ho<?pitnI 

Supported by grants from the United States Public Healtli Service the Life Insurance 
Sledical Research Fund and the State UnUerslty of New lork 

Read at the Thirty sixth Annual Meeting of The American Association for Thoracic 
Surgery at Miami Beach Fla May 7 to 9 1966 
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an electron!agnetieally recording rotameterThe rale of venous outflow 
was recorded on a Sanborn Poly-Viso. ''J’he venous blood was delivered to 
rubber jets placed near Ihe axis of the oxygenator and flhned on four rotating 
discs. Venous drainage was a.ssi.sted by a siphon effect equal to the vertical 
distance between the venae eavae and the openings of the jets (A to li in Fig. 
3); this measured 40 cm. in mo.st animals. The oxygenator tank was continu¬ 
ously flushed by 300 per cent oxygen. The bubble trap contained stainle.ss 



rLownereR oxyoemator bubble trap pump 

Fis. 1.—Difisram of purnp-oxyfcv-nator aH"f-mbly for total bofly pnrfu.'ilon. A, CfiUictcrH 
In place fn the left wubelavlan artery and In the auperlor and Inferior venae cavae. h, ituotjor 
Jetfl film the blood on rotatinf? discs above oxyKcn inlet. C, Outlet for rempvlni; air accumu¬ 
lated In bubble trap and thermometer for recordInK blood temperature. V, 'Nylon shuttle vawc 
prevents resurRltatlon Into pump, JO, Cornprcs.sod air from solenoids motivates diaphragm, 
F, of pump which Is filled by hydrostatic pressure of blood column, G. 

steel scouring .sponge, coated with Anlifoam-A (Dow Corning), within the 
inner cylinder.'’ It served effectively Jiolli as a bubble remover and as a filter 
for fibrin. In no in.stanee in the.se experiments was the extracorporeal origin 
of air emboli.sm implicated. The modified Dale-Schu.stcr pump.s” were acti¬ 
vated by compre.ssed air regulated by solenoid valves. A pulsatile stream, 
14 to 17 ml. per stroke, was delivered to the systemic circulation. Filling of 
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tho pumps was dependent upon tlic displacement of rublier diaphragms by tbe 
hydrostatic pi'essurc of the column of blood (G in Fig. 1) from the oxy^genator. 
“Gravity filling” eliminated the negative phase in tlm pumping cycle and pre¬ 
vented air above the blood level in the oxygenator from entering the arterial 
side of the extracorporeal circuit. The immps were therefore self-regulatory, 
accelerating ■when the influx of blood was increased and slowing as tlie flow 
decreased. This minimized gross fluctuations in the holdup volume.'^ For 
auy single perfusion, the stroke output was fixed and the minute volume 
varied directly as the rate. In anticipation of high flows in large subjects 
(over 40 Kg.), the capacity of the system was increased by incorporating two 
bubble traps and using two larger pumps with stroke outputs of 85 ml. The 
principal limiting factor in achieving these high flows was the caliber of the 
cannula capable of being threaded into the artery of the recipient. 

Freshly drawn, unmatched blood, heparinized with 30 mg. per 1,000 ml., 
was obtained from donor dogs for priming the extracorporeal circuit (1,100 
ml.) and replacement of operative lo.sscs. The femoral vein and arteiy were 
used for drainage and return of blood in the first 9 animals. In subsequent 
procedures, the left subclavian artei-y was cannnlated with a plastic catheter 
(OD - 14 Pr.).* Similar catheters were placed in the superior and inferior 
venae eavae through the right auricular appendage with the tips positioned 
distal to the sling ligatures. A shunt (see Fig. 1) connecting the efferent and 
afferent limbs of the extracorporeal circuit provided a method for removing 
residual air bubbles from the system befoz'e perfusion. 

Blood pressure in the femoral artery and venous pressure in the external 
jugular vein were monitored bj' Statham strain gauges recording on a San¬ 
born Poly-Viso. The electrocardiogram was observed on an oscilloscope 
throughout the procedure. Prior to and again at the end of the by-pass, blood 
samples were obtained for determinations of the pH, COj, oxygen con¬ 
tent of arterial and venous blood, hemoglobin, hematocrit, free plasma hemo¬ 
globin,” total protein, albumin, fibrinogen, pyruvic acid, plasma chloride, and 
protamine titre.” The analytical methods used for blood chemistry have been 
recorded elsewhere.® 

The animal was placed on partial perfusion by occluding the shunt and 
opening the cannulae (see Pig. 1). Total perfusion was obtained by tighten¬ 
ing the sling ligatures about the venae cavae. The heart was allowed to empty 
for 15 seconds. A 5 centimeter incision was made in the wall of the right 
atrium from the junction with the inferior vena cava parallel to the atrio¬ 
ventricular groove (Pig. 2). The coronary sinus, tricuspid valve, and crista 
terminalis were identified. A 2 to 2.5 centimeter incision was made in the in¬ 
teratrial septum. This was confirmed by the appearance of arterialized blood. 
Rapid suction was used to remove blood draining into the operative site from 
the left atrium, coronary sinus, and anterior cardiac veins. Frequently, this 
was returned to the extracorporeal circuit as losses accumulated. The septal 
incision was closed with interrupted silk sutures and the right atrial wall with 
a continuous silk suture. 


•A beveled curved metal cannula was used for arterial cannulation in the first 17 animals. 
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Throughout the by-pass, efforts were made to maintain the blood volume 
at pre-perfusion levels. As thej’’ occurred, suction and other operative losses 
were cori-ected via the arterial side of the circuit by direct replacement into 
the oxygenator. In the presence of hypervolemia, a measured quantity of 
blood was permitted to drain back into the oxygenator. Size of the heart and 
venous and arterial pressures were guides to the restoration of a normal cir¬ 
culating volume. Protamine (diluted twentyfold with five per cent glucose 
in distilled water) was administered intravenously over a 15-minute period 
following deeannulation. The dose was dictated by the protamine titer ob¬ 
tained at the end of perfusion. Blood losses incurred subsequent to this stage 
in the procedure were replaced by direct transfusions of fresh whole blood. 



Fig. 2.—Exposure of the interatrial septum througli the right atrium. The catheter can 
be displaced to facilitate the approach to the septum. Inset; Type of incision employed m 
atriotomy. 

Large-bore thoracostomy tubes were placed in both pleural cavities and 
connected to waterseals. The pericardium was loosely approximated and the 
chest wound closed in layers. Postopei'atively, the animals were observed with 
regard to adequacy of ventilation, chest drainage, body weight, blood pressure, 
rectal temperature, and reaction from anesthesia. To correct the mild hypo¬ 
thermia produced during the by-pass, the animals were rewarmed on blank¬ 
ets.* Vigorous efforts were made to evacuate blood and air from the pleural 

•Therm-O-Rite Products Corp., Buffalo, N. T. 
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eavitj and encourage lung expansion Bleeding Xiom the chest was piompth 
collected uith 1111010 blood tiansfiisions At regulai inteivals, fiactional 
piotaimno titiations uoie obtained and appiopiiate doses of inotamine admm 
isteied until the clotting time ictuiiied to noimal Peisistent chest diaimge 
in the piesenco of a noimal clotting time and absence of cii dilating hepann 
Mas an indication foi le exploiatioii 111 one animal in uhich bleeding fioni 
tho light atnal appendage was eoireeled A noimal eiiculatmg volume at the 
end ot a piocediiie uas leflected 111 .1 faioiable compaiison of pie and post 
opciatno body iv eights 

Thieo techniques ucie emploved to picicnt emboliaation of an thioiigh 
tho incised inteiatiial septum In 13 dogs a multipeifoiated ient iias placed 
into the left lentiiele thioiigh a stab iiound 111 the aiasciilar portion of the 
apex as lecomnicnded bj JIillci and liis coiioikois’® Aspiiated blood and 
an iindei a negatne piessiiie of-10 to-20 em of iiatei, iieie returned diieetlj 
to tho oxigenatoi In 12 dogs, an attempt iias made by positioning the am 
mals to pieseiie a eontinuoiis “lake” of blood 01 saline solution over the in 
eised septum Tii e degi ees of Ti cndclenbiii g position m ei c used to pi oi cut an 
emboli fiom leaehing the biain’' In 6 aiiiimls, lentiioulai fibiillation uas 
induced uith a shock of a Cxolt GOejele altcina^ing ciiiient through tiio 
closeli spaced eloetiodes applied to the ventiioiilai epicaidium’ Defibiilla 
tion was aoeomplishcd while the animal was on total poifusion with a eountei 
shock of 125 1 oils foi about 0 1 second 

RESULTS 

Thiiti one dogs woie peifused foi periods of 17 to 63 minutes in which 
time ail mtciatiial septal detect was cicated and lepaiied Rectal teinpeiatiues 
toll piogiessnoh dining tho bi pass The aiciage dceioase was 5 5° 0 and 
laiied imeiseh with the si/o of the animal and diiectlj with the length of pei 
fusion In expeiimental pioccduics no attempt was made to pieient this 
decline 

Pcifusion piessuics (Icmoial aitcij picssuie) vaiied between SO and 100 
mm Ilg sj stolie and 30 and 50 mm Hg diastolic Insufficiencies in the cii eulat 
mg lolume lesiilted in a fall in pcifusion picssuie Piessiuc tiaciiigs dining 
the iieifusion showed secondaij waics following lentiiciilai sjstole Thej 
w ei e most mai ked in the diastolic phase of the pumping cj cle and w ei e abolished 
bj ventiiculai fibiillation 

Tho results of analjsis of blood oxigen and flows aic summaiircd m Table 
I Plows weie measured bi two methods The pump late multiplied bj the 


Table I Oxigexatios op Blood ami Flows at End op Pltpusion 



ATTEriAL ] 

! \ ENOUS 1 





O2 

CONTENT 

(C C /lOO 
ML ) 

0 SAT 

Ur \T10N 
(PEP 
CENT) 

Os 

CONTENT 

(C c/100 
ML ) 

0 SAT 

L PATION 
(PET 
CENT) 

A \ DIFf 
(CC/100 
ML ) 

ILO^V 
(ML /KC / 
MIN ) 

0 

CONSUMED 
(C C /KC / 
MIN ) 

Avcr'ige 

SJ) 

10 03 
+2 76 

100 41 
+4 75 

8-6 
+4 02 

41 9o 
+14 35 

11 38 
+3 33 

33 

34 

Ranse 

minimum 

12 52 

93 05 

2 65 

17 34 

4 23 

15 

12 

maximum 

23 83 

lOS 74 

15 34 

62 90 

16 71 

55 

62 




VrrOK?. PERyUSIOK END Of FERFasiOW 
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stioko output coricspondcd uith the flows reeoided by the flo^vmetor For 
31 dogs this n\oraged 33 ml poi kilogiam per minute (20 per cent of basal 
cardiac output”) and w ould place this pump o\j genatoi in the low flow cate 
goiy liVith this leduced tuinoici of blood, an aiciage of 31 o c of oxygen per 
kilogiam pel minute was delivcicd to the tissues This was 40 pei cent of the 
assumed basal oxigen consumption and was attiibuted to the inciease in arterio 
lenous diftcienee (coefficient of oxjgcn utilization*”) The highest oxjgen up 
take in this sciies was 102 cc per minute in a 34-kilogiam animal with a flow 
of 940 c c per minute This was well witliiii the maximum oxi genating eapacitj 
of 130 c e pel minute established foi the lotating disc (foiu scieens) oxj^gena 
toi at a flow of 2 L undei the standard conditions set foith by Gimbel and 
Engelbuig'”, laising the oxjgen saturation of hemoglobin fiom 60 per cent 
to 90 per cent 

In the flist ten pcifusions, a single phase, positne piessuie, mechanical 
icspiratoi”” was used The remaining experiments weie conducted with an 
intcimittent positne negatnc picssuic lespiiatoi,* xentilating with 100 per 
cent oxjgen and with a CO~ absorption eaiinister in the ciicuit The efficiency 
of dual phase jcntilation was displajcd in the lojv pCOj and elojated pH in 
manj of the blood samples obtained prior to perfusionThe lesulting lespna- 
toiy alkalosis appeared to have no adjcise effects Dining perfusion there jvas 
a fall in the buft'oi bicaibonatc and a furthei diop in the pCOj (Table II) 
The effeotij eness of COj exchange bj tlie oxj genator is indicated bj' the arterio 
venous CO 2 diffeieneo 


Table II Ckaxoes op CO and pH Before and at End of Peefusiox 



BEFOPE PERFUSION 

1 EVD OF PEPFUSION 


ARTERUL 1 

1 ARTFRLVL 

1 VENOUS 



GOs 
CON 
TENT ! 
(mM/ 
L) 1 

pCOs* 

(MM 

lie) 

IICO,* j 
(WEQ/ 
L) 1 

pH 

CO 

CON 

TENT 

(mM/ 

L) 

1 1 

f pco * 1 

(MM 1 
HO) 1 

nco,* 

(MFQ/ 

. L) 1 

pH 

COs 
CON 
[ TENT 
(mM/ 

1 

A \ COs 
DIFF 
(mM/ 

1 L) 

A\crage 

SD 

13 74 
±5 S6 

32 

151 

7 32 
•^65 

8 52 
±2 87 

18 

95 

7 36 
±69 

14 50 
±3 58 

5 08 
±2 24 

Range 

minimum 

maximum 

5 41 
25 41 

13 

86 

56 

261 

7 00 

7 73 

2 ”7 
18 77 

<10 

35 

62 

13 9 

7 00 

7 73 

815 

25 62 

3 06 

14 44 


•Determined from nomogram of Singer and Hastings ^ 


Compaiison of the pyruvate levels in the donoi reservoir and in the lecipi 
ent animals prior to perfusion demonstiated an average increase of 209 per 
cent, the average rise duiing the bj pass was 21 pei cent This is shojvn 
giaphicallj'm Fig 3 Blood chloiide appealed to rise slightlj t and w as due, in 
pait, to the incomplete removal of isotonic sodium chloride used foi flushing 
the by pass ciicuit free of formaldehyde The J allies foi fiee plasma hemoglobin 
exceeded the leiels mentioned in pievious rcpoits fiom this laboratoiy’ The 
practice of replacing oxcessue opeiatnc losses with blood retrieied by suction 
(average free plasma hemoglobin—222 mg per 100 ml ) was implicated Total 

• Mr Shields Inc Hatboro Pa 

fp value for difference between control and perfusion samples ^Nas OC 
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protein and fractions were not altered significantly by perfusion. This has been 
confirmed by plasmaphoretic studies.^’ Hematocrit and hemoglobin were un¬ 
changed (see Pig. 3). 

In the presence of a normal, reduced, or augmented circulating volume 
in the recipient, the venous pressure was positive when the drainage capacity 
of the caval catheters was less than the return to the heart and was negative 
if the capacity of the catheters exceeded the return. Successful perfusions were 
conducted under both conditions. As the most sensitive indicator of variations 
in the circulating volume, the venous pre.ssure responded to changes of less 
than 50 ml. Pluctxiations in the flowmeter curve, level of blood in the oxy¬ 
genator, blood pressure and stroke rate of the pumps corresponded, to a lesser 
degree, vdth those in the venous pi*cssure. These indices were used to main¬ 
tain the circulatory volume during perfusion. 

The average blood loss was 1,050 ml. (range, 125 ml. to 2,300 ml.). The 
average replacement was 1,300 ml. Perfusion and postoperative chest losses 
averaged 630 and 370 ml, respectively. A comparison of pre- and postoperative 
weights revealed a positive blood balance in the majority of perfusions. 

The clotting time in 22 animals was restored to normal in an average period 
of two hours by a single dose of protamine. Additional increments were re¬ 
quired in 9 animals. Thirty of the 31 dogs had normal clotting times by the 
fifth postperfusion hour. The avei-agc initial dose of protamine required for 
neutralization of circulating heparin was 4.6 mg. per kilogram. The absence 
of stoichiometric neutralization of the original heparinizing dose was atti’ibuted 
to the variation in potency of protamine lots and emphasized the need for titra¬ 
tions to arrive at the correct dosage. 

Table III summarizes the data on fibrillation. The reversibility of coronary 
air embolism is shoAvn in Table IV and was in accord with the work of Geoghe- 
gan and Lam.^® The results indicated that neither body positioning nor the 
introduction of a ventricular A-ent provided complete protection from this 
hazard. Coronary air embolism Avas not observed in anj' of the 6 dogs in Avhich 
fibrillation Avas deliberately induced. Inci.sion through the septum into the left 
atrium in this group Avas accompanied by a continuous, occasionally vigorous. 


Table III. VF-xTUiruLAR Fibrillation 


CAUSE 


PERIOD OP 
FIBRILLATION 
(MIN.) 

DEPIBRILLATION 

SURVIVOR 

CAUSE OF DEATH 

Placement of vent 

1 

28 

I 

1 


Coronary air embolism 

4 

14-41 

3 

2 

Cerebral air embo¬ 
lism, cardiac stand¬ 
still 

Induced 

6 

14-34 

6 

6 



floAV of arterialized blood from the left side. This Avas not observed in those 
hearts contracting regularly. Frequently, the blood level in the left atrium 
Avas displaced hy air and remained beloAV the incised septum. The diagnosis 
of coronary air embolism Avas established by direct inspection of coronary 
arteries and Avas confirmed by disturbances in rhythm, mottling and cyanosis 
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lAnrr IV Air EmbolkiM 


nor 

\UM 

DIR 

sourer of 

UP 

iROim 

T VMS 

FCC 

resur Ts 

SUPVIVVL 

S3 

bciitil dpfeet 

"N cut 

A ciitnculnr 

Colon ir>c«i cleared 

of Sun u or 




tihnlKtion 

Jiir, defibriUated 


100 

Sept il defect 

Vent 

No chnnge 

CoionariOK cleirol 

of Died 12 hours postperfu 





air 

sjon of hemorrhage 

300* 

Scptol defect 

A ent 

Current of 

Reverted to normal Died at operation of cer 




lnJU^^ 

FCG 

ebral air embolism 

201 

Sept'll defect 

A ent 

iSo clinn"© 

Coronaries denied 

of Died IS hours postperfu 





air 

««ion of cerebral nir 






embolism 

433 

Sept'll defect 

Pnsi 

A^ntricul ir 

Coronaries ele ired 

of Died 48 hours postperfu 



tion 

fibrillation 

nil, defibiillated 

Sion of cerebral air 






embolism 

475 

Sept il defect 

Posi 

A^ontrionlar 

Coronaries de ired 

of Survivor 



tion 

filmllation 

air defibnUated 


4G0 

C'ltheter 

Posi 

A cntrieular 

Coronaiies clcarel of Ditd nt end of perfusion 


in left 

tion 

fibrillation 

air, lieait into 



\entriele 



standstill 



•No Tlr noted in coronarj ^essoIs 


of tlio nnocaulmm CIcaianco of an fiom the eoionaij \ei>sels vas accelerated 
Ijj laising the poifusioii incssiuc (ineieasing the an piessuie actuating the 
pumps), augmenting the ciioulatnig iolumc caidno massage, and compicssion 
of the aoita distal to the suhclaiian cannula Thieo of the 6 animals ■rtlioso 
heaits wcie letuincd to noimal sinus iluthm suctumbed to eerebial air ombo 
lism (see Table IV) 

Theic vcic 22 sunuois in thiiti one pcifusioiis Foui of nine deaths 
■neic attiibuted to an embolism One of the animals (433) siniued foi 4S 
houis and demonstiated opisthotonos cxtcnsoi iigiditt, lupeiieflexia, and 
In pciiiiitabiliti Vasoulai changes associated mth ceiebial air embolism weie 
obsciied at aufopst A dissecting ancuijsm in one animal nas asciibed 
to a teal in the iiitinia of the loft siibelaMan aiteu at the aoitie junction, caused 
bt a metal cannula Two dogs died of iiitiaplcuial hemorihago 12 houis post 
opeiatueh Exteiisue damage to the nitciatiial septum and loss of an aiiwav 
weio responsible for two deaths 

Thcio was a late moitalitj (moic than 5 dais postopeiative) consisting of 
10 dogs These deaths, foi the most pait, were caused bj wound infection 
with empicma Two of these wcie sccondaij to stomal sepaiations of tians 
stomal incisions One animal which was peifuscd thiough the femoial arteii 
and lein do\ eloped congestue hcait failuie and puhnonaij edema Aiitopsi 
disclosed that a niaigm of the septal iiieisioii had been sutiiied to the "lalve” 
of the inferior i ena cai a, shunting the blood fiom it into the left atiium Se\ eie 
stenosis of the infeiloi iena caia due to the atilal wall suture was the cause of 
death in anothoi animal Tlie use of the light atiiiim for placement of caial 
eathetcis which sene as guides dining suture, has pieientcd repetition of those 
eiiois An infected thiombus adhcient to the septal siitiiic line was found in 
anothei animal with empjema 

Gloss examination of the licaits of all but 2 of the 12 animals saciificed 
at inteiials up to eight months disclosed healed, smoothlj endothelircd intia 



656 


LEVOWITZ ET AL. 


J. Thoracic Surg. 
November, 1956 


cardiac incisions. A tliickened mnral plaque and a calcified pedunculated 
thrombus, both overlying the septal suture line, were seen in 2 animals. In¬ 
spection of the abdominal ^^seera revealed no evidence of recent or healed in¬ 
farcts. 

On the basis of these experimental investigations, the apparatus was em¬ 
ployed in a clinical case. 


CASE REPORT 

J. B., an 18-year-old girl, a known “cardiac” since the age of one year, complained 
of limited exercise tolerance, exertional dj'spnea, and precordial pain. On admission to 
the hospital, pliysical examination revealed a well-developed white female (53 Kg.) who 
presented a left precordial bulge. There was a harsli .systolic murmur (Grade 3) heard 
loudest over the pulmonic area; the second pulmonic sound was diminislied. Iso cyanosis 
or clubbing was noted. Chest x-ray showed enlargement of the right ventricle with a 
prominent left heart border. The electrocardiogram revealed a right ventricular strain 
pattern. Angiography demonstrated simultaneous opacification of the pulmonary artery 
and aorta. Catheterization data*^ are summarized in Table V. They were interpreted as 


Table V. CATirETEinzATiox Data—Patient J, B. 


LOCATION OF SAMPLE 

1 rnEOPKKATIVE 

1 POSTOPERATIVE 

PRESSURE 1 
(MM. HO) 

1 02 CONTENT 

1 (C.C./lOO ML.) 

PRESSURE 
(MM. IIG) 


Pulmonary capillary 

11 

16.0 

10 

15,7 

Pulmonar 3 ' arten’ 

20/12 

15.4 

23/13 

11.9 

Right ventricle (infundib.) 

27/10 

15.8 



Eight ventricle (sinus) 

00/0 

_ 

37/0 

11.5 

Eight atrium 

10 

14.7 

10 

11.6 

Superior cava 

.. 

11.0 


9.5 

Brachial arten' 


16.0*- 


15.9t 

Brachial artery 





(after exercise) 

- 

1.5.6) 



Pulmonarv blood flow 

7.5 L./min. 

5.8 L./min. 

Systemic blood flow 

1.1 L./min. 

5.1 L./min. 

Siiunt, left-to-right 

6.4 L./min. 

0.7 L./rain. 


*94.3 per cent saturated. 
t94.5 per cent saturated. 
t92.0 per cent saturated. 


indicating the presence of an interatrial septal defect with pulmonic stenosis of the in¬ 
fundibular type. The predominant shunt was left to right. On exercise, a slight right-to- 
left shunt was noted. On June 30, 1955, open heart surgery was performed through a trans- 
sternal incision. The patient undenvent total bod 3 ' perfusion and an atrial cardiotom 3 ^ was 
made in the excluded lieart. A large foramen ovale t 3 'pe defect, 3 cm. by 5 cm., was oblit¬ 
erated with interrupted sutures. During the repair, a pool of blood was maintained over 
the defect to prevent air from entering the left side of the heart. Following closure of 
the right atrium, a 2 cm. incision was made in the right ventricular outflow tract and the 
right ventricle digitally explored. No infundibular stenosis was detected and the cardiot- 
om 3 ^ was closed. The patient’s heart was excluded for 23 minutes during which time the 
extracorporeal flow rate averaged 36 ml. per kilogram per minute. The patient was awake 
at the conclusion of the procedure. Her postoperative course was uneventful and she was 
discharged on the thirtieth hospital day. 

Six months later she was recatheterized. The data (see Table V) indicated a small 
left-to-right shunt (0.7 L. per minute) which was considered to be of no clinical signifi¬ 
cance. At this time she was free of exertional d 3 'spnea and was engaging in unrestricted 
activit3V 

’Courtesy of Drs. Harold A. Lyons and John J. Kelly. 
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DISCUSSION 

Tile results of those experiments show that the important metabolic changes 
occurring in a total by-pass are confined to the factors regulating acid-base 
balance. The appearance of a metabolic acidosis in perfused dogs has been 
attributed to a rise in fixed acid.“' -• Pyruvic acid levels above 4 mg. per 
100 ml. have been associated with a poor prognosis.” In this series, the increase 
in pyruvate was of minimal significance. The fall in bicarbonate buffer (see 
Table III) indicated that other acid metabolites were accumulating during per¬ 
fusion. An appreciable inerca.se in lactic acid has been reported.”” Hjiier- 
ventilation with a dual phase i-espirator in the preperfusion period and c.xeos- 
sivo elimination of CO- by the screen oxygenator during the by-pass produced 
a marked depression of the arterial pCO... This served to compensate for the 
inetabolio acidosis, maintain the pll within normal limits and improve the oxj'- 
gen uptake of hemoglobin (Bohr effect). Similar observations have been made 
with cross circulation techniques where an increase in the donor respiratory 
minute volume was used to control the fall in recipient pH.”’ Measures to regu¬ 
late the pII by the addition of Na HCOa or flushing the oxygenator with 5 per 
cent COj and 95 per cent oxygen were not employed. 

Hemoglobinomia in hypotensive states has been recognized ns a cause of 
renal damage in man.”” However, under low perfusion pressures such as ob¬ 
tained in these experiments, no ill effects were noted even when the free plasma 
hemoglobin levels wore in excess of 400 mg. per 100 ml The recent adoption 
of a low-vacuum, variable suetion pump has avoided foam formation and re¬ 
duced the rod ecll destruction in the aspirated blood returned to the circuit. 

In our experience the prime requisite for control of postperfusion hemor¬ 
rhage and the restoration of normal clotting was complete reversal of heparine- 
mia with protamine. Fractional protamine titrations obtained at regular in- 
tei'vals in the reeoveiy period indicated reduced but significant concentrations 
of circulating heparin (5 to 10 meg. per milliliter) which prevented noi’mal 
clotting.”* The existence of a heparin rebound phenomenon has been postulated 
to explain the persistence of circulating heparin despite adequate neutralizing 
doses of protamine.* The role of the fresh whole blood transfusion requires 
further evaluation. In early experiments it was given routinely at the comple¬ 
tion of the b.v-pass to replace destroyed clotting factors, equalize postoperative 
losses and avoid the introduction of other anticoagulants. More recent evidence 
indicates that with a normal or slightly positive blood balance at the end of 
perfusion, adequate protamine dosage alone will restore the clotting time. Pro¬ 
tracted perfusions (over one hour) appear to enhance postoperative bleeding. 
The hemorrhagic deaths in 2 dogs early in this series were ascribed to abnormal 
hemolytic and proteolytic activity due to plasma fibrinolysin”” or bacterial con¬ 
tamination.”” The impression has since been gained that these deaths can be 
averted by stricter attention to the details of postoperative care. 

Exposure of the left side of the isolated contracting heart to the atmosphere 
directly or through septal defects predisposes to systemic air embolism. In 6 
animals, incisions into the interatrial septum were accompanied by the entry of 
air into the left atrium an-’ =- - _ 
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competent mitral valve, bronchial artery return admixed with air was ejected 
into the systemic circiilation in systole. Continued circulalion tlirough the left 
side of the heart made it difficult to preserve a level of blood or saline solution 
in tlie right atriunr over the incised septum. Extracorpoi’cal circuits wliich 
employ low perfusion pressui-es and deliver pulsatile flows are unable to main¬ 
tain continuous closure of the aortic valves. Ventricular systolic pressure 
exceeds the perfusion pressure, especially in the diastolic phase of the mechani¬ 
cal pump, and ejection of air and blood into the aorta follows. Cookson and 
Costas-Durieux,®^ using hypothermia supplemented by arterial transfusions in 
open eardiotomies, stated that a nonpulsatile flow at a pressure of 70 mm. of 
Hg prevented opening of the aortic valves in ventricular .systole; the technique 
was not uniformly effective in avoiding air embolism in their animals. Potas¬ 
sium-induced cardiac arrest has been advocated by IMclrose and his group.-’’- This 
method requires occlusion of the aorta above the coronary ostia, thereby limit¬ 
ing the period of by-j^ass and deprimng the myocardium of the benefits of con¬ 
tinuous perfusion. j\Iillor and associates" have employed a left ventrieular 
vent in experimental procedures and in a successful clinical case with an inter¬ 
atrial septal defect. In our hands, this method failed to eliminate coronary 
and/or cerebral air embolism in 4 of the 13 dogs in which it was used. Previous 
experience with 5 cases of ventricular fibrillation (4 due to coronary air em¬ 
bolism and one duo to placement of a ventricular vent) had demonstrated the 
excellent protection afforded the heart by uninterrupted perfusion of the coro¬ 
naries with oxygenated blood (see Table III). Accordingly, fibi’illation to 
abolish ventrieular ejection, as first proposed by Glenn and SewclP® and Sen- 
ning,’^® was deliberately induced in 6 dogs with gratif.mng results. The “suck¬ 
ing action”®® of the ventricle in diastole Avas replaced by a persistent flow of 
blood from the left atrium through the septal defect. Air embolism was not 
observed. Operative techniques were expedited by the quiet field. Myocardial 
tone and color remained satisfactory throughout the by-pass. There Avas a 
coarse fibrillatory pattern on the electrocardiogram. The hearts Avere defibril- 
lated A\dth ease soon after closure of the cardiac incisions. Promptness in restor¬ 
ing regular contractions reduced the tendency of the chambers to dilate be¬ 
cause of the accumulation of coronary venous and bronchial arterj' blood. All 
6 animals survived and at autops,y shoAA-ed no myocardial damage attributable 
to fibrillation. The use of ventricular fibrillation as an adjunct to perfusion in 
the direct approach to lesions of the left side of the heart is currently being 
explored. 

The aA'ailable evidence indicates that the venous pressure is a valuable 
guide to the progress of a perfusion. This study Avill be presented in a separate 
paper. 

SUMMARY 

1. A simplified pump-oxygenator AAuth safeguards against the introduction 
of air is described. 

2. Interatrial septal defects Avere created and repaired under direct 
vision in 31 dogs Avith 22 sui-AdAmrs. During this study, techniques haAm been 
developed Avhich appear to have reduced the hazards of total body perfusion. 
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3 Piotamiiie titiations me an impoitant factoi in the control of post 
pci fusion bleeding 

4 The pnncipal metabolic change duiiug peifusion is the de\elopment of 
a metabolic acidosis Tlic desn ability of a lou aitcrial pCO^ to counteract this 
IS discussed 

5 The case icpoit of a successful closuic undci diicct \ision of an inter 
atiial septal defect m an 18 jcai old giil is piesented 

6 Dolibeiatelj induced \entiiculai filnillation can eliminate an embolism 
dining open caidiac siugcry 

Tho nutliors %\ibh to acknoi\le(3go the catheterization ‘studies pertormed bj Dr Harold 
A Ljons and Dr John T Kellj of the Department of Medicine, and the technical assist 
ance of Miss LaVonne A loung, "Mrs AKa C Riddick, Mr Herbert Lauritzen, and 
itr LudiMg Qiiabeck 
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ELIMINATION AND TRANSPORT OP MUCUS IN THE LUNG 
An Experimental Study 
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W HEN a lobar bronebus is completely obstriicteJ or f dos. ( 10(1 in tlie absenee 
of infection, the Inng becomes atelectatic auj (bi‘ o'a'i'r bronchi become 
filled with inucns. However, tlie lung does not bccmne j i lucocele nor do the 
bronchi become cystic because of accumulated sick lions 'f the respiratory 
tract. This is illustrated clinically by ca.si s of traiini il'o rupture of the 
bronchus. If the patient survives the early jiosttianmati" loriod, the unre¬ 
paired ruptured bronelius closes completely and the maji'i 'uonchi contain 
viscid, noninfected mucus. Many authors' ' liaxi leported cases in which 
plastic repair of bronchi following toumatio luptMi' has resubed in ultimate 
physiologic recovery of the involved lung Tl’is uis been confirmed experi¬ 
mentally by AVebb and Burford.® If infection superimposed upon obstruc¬ 
tion, a cystic form of bronchiectasis results." ‘ 

What happens to mucus and secretions in a lung that has the bronchus 
transected? It seems that there are two possibilities. If the s’cretions caimot 
be removed through the tracheobronchial tree, either they must be eliminated 
in the lung or the production of secretions must cease. 

Some authors"''® believe that retained secretions are important in the 
pathogenesis of pulmonary cysts of the bronchogenic type. Alveolar, agenesis 
has been observed in the pulmonary parenclnma surrounding bronchogenic 
cysts.”’The question arises whether the lobules of the lung might be 
the site of elimination of secretions and whether the stage of development of the 
alveoli is a determining factor in the pi’oduction of bronchogenic cysts. 

In 1910, PitU® suggested that mucus might be removed through the distal 
part of the pulmonary tree when bronchi are obstructed. Ross-® has obserx'ed 
that the macrophages and their ingested substances wander bach into the alveoli 
from which they came, when the bronchial tree is obstructed. 

On the basis of these observations the follov'ing two hypotheses have been 
formulated: (1) After transection of a bronchus, in the absence of infection, 

mucus that is normally secreted into the bronchi is phagocj tosed in the alveoli. 
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W HEN a lobar lironelm.': is eomplctely obstructed or ti'aiiseetcd in liio .ib-scnci! 

of infection, the lung bceonie.s aielectalic and the major bronebi b.\ inito 
filled with mucus, llowever, the lung docs not bcconie a nineoeele nor do the 
bronchi become ej'stie because of acenimilatcd secretions of ibc risiuratory 
tract. This is illustrated clinically by eases of traumatic rnplurc of tho 
bronehH.s. If the patient survives the early posttraumalic period, the nnro- 
paired niptnred bronchus clo.se.s completely ami the major bronchi contain 
viscid, noninfected mnciis, Srany anthor.s’''^ have reported ea.ses in which 
plastic repair of bronchi following irauimitic rupture has resulted in ulliinato 
pbj’siologio recovery of tlic involved lung. Tins has hern eonlirmcd oxpori- 
mentally by Webb and Burford.® If infection is sniierimposed upon obstnie- 
tion, a cystic form of broneliioetnsis rosnlls.’'’'' 

What happens to muons and secretions in a lung that has tho bronchus 
transected? It seems that there arc two pos.sibilities. If tlin seorction.s cannot 
be removed through the tracheobronchial tree, either tlio.v must bo oliminatcd 
in the lung or the production of seerelioii.s must cease. 

Some authorsii‘1® believe that retained secretions arc imiiortaut in the 
pathogenesis of pulmonary cysts of the bronchogenic typo. Alveolar, agenesis 
has been observed in the pulmonary parenebymn surrounding bronebogenie. 
cysts.The question arises whether the lobules of the lung might he 
the site of elimination of secretions and whether the stage of development of tho 
alveoli is a determining factor in the production of brouoliogcnic cy.sts. 

In 1910, Pitt” suggested tliat mucus might be removed throiigb tlic distal 
part of the pulmonary tree when bronclii arc olrstrueted. RosS"® has ob.sorvcd 
that the maoTophagos and their ingested substances wander back into the alveoli 
from which they came, when tho bronchial tree is ohstruoted. 

On the basis of thc.se observations the following two liypolbescs have been 
formulated: (1) After transection of a broncliu.s, in tbo absonco of infection, 
mucus that is normally secreted into the bronclii is plmgooytoscd in the alveoli. 
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(2) If a segment of viable bz’oneliiis lias both ends closed, a broncliogenic cyst 
will result from the accnmnlation of endobronchial inucns. These hypotheses 
were tested experimentally in 29 dogs. 

METHOD 

In a control group of dogs the right npper-lolze bronchus was transected 
and both ends of the divided bronchus were closed by suture (Fig. 1). In 
these animals, mucus secreted into the right upper-lobe bi-onchus could not be 
removed through the trachea bj’- coughing or by movement of the cilia but it 
could flow into the alveoli. 



Fig. 1.—Diagram to iliustrate the surgical procedures performed. In the control animals, 
the lobar bronchus was transected and the broncliial stumps were sutured proxlmally and 
distally. In the experimental animals, the secondarj'- bronchi were doubly ligated and then 
the bronchial stumps were sutured. This produced an isolated bronchial segment represented 
by the cross hatching and stippling. 

Ill the experimental group of animals the right upper-lobe bronchus was 
transected and the divided ends were closed as in the control animals. In 
addition, the first four secondary bronchi and the main continuation of the 
primary bronchus were doubly ligated, thus producing an isolated segment of 
bronchus. ]\Iucus secreted into this segment could not be remoAmd through 
the trachea nor could it flow into the alveoli. In the experimental animals the 
secondary bronchi distal to the isolated segment of bronchus ivere not ligated; 
hence, mucus secreted into the bronchus distal to the isolated segment could 
floAV into the alveoli but not into tlie trachea (see Fig. 1). All of the dogs were 
given antibiotics for 5 days postoperativcly. An animal from each series was 
killed at varying intervals from 2 to 48 iveeks after operation. 

RESULTS 

The pathologic changes Avere confined to the right upper lobe. This lobe 
Avas small, purplish red, and atelectatic, and the lobes from both groups of 
animals appeared identical. 'With one exception, a bronchial cyst was not 
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produced in the isolated segment of bronchus. The hronclii wore dilated an 
average of two and one-half times the normal diameter and were filled with 
clear, glai-y, tenacious mucus (Pig. 2). Measurements of displacement volumes 
and bronchial diameters did not distinguish specimens of tlic control group 
from specimens of the experimental group. Prom the gross observations it ap¬ 
pears that factors other tliaii retention of secretions in an isolated segment of 
bronchus maj’ he responsible for tlic formation of bronchogenic ej’sts. 



Fts 2—Bronchi dilated and full of clear, g:Jary, tenacious mucus The right upper lobe of the 
experimental series is indistinguishable grossly from that of the control senes. 

Blocks of tissue were taken from each specimen througli the region of tlie 
isolated segment, through the region just distal to the isolated segment and 
through the tip of the lobe, in both the control and the experimental animals 
(see Pig. 1). Sections were specially stained to demonstrate mucus. Tlie most 
significant histologic changes observed were in the alveoli of the region sur¬ 
rounding the isolated segment of bronchus of the experimental animals. Es¬ 
sentially no mucus was present in the respiratory ducts and alveoli and conse¬ 
quently there was no phagocytosis of mucus in the alveoli surrounding the 
isolated segment of bronchus (Pig. 3). This was as expected because most of 
the mucus was trapped in the isolated segment of bronchus. 
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HoAvever, mucus was seen in the alveoli of the control animals and also 
in the alveoli that were distal to the isolated segment of bronchus of the experi¬ 
mental animals (Fig. 4). In the lobules of the lungs of the control animals 
phagocytes could be seen ingesting mucus within the alveoli (Pig. 5). The 
terminal bronchi and alveoli did not become cystic, because the secretions were 
phagoeytosed and removed in the lobule of the lung. 



Fig. 3.—Section through pulmonary parenchyma surrounding the isolated segment of 
bronchus of an experimental animal. There is essentially no mucus in the respiratory ducts 
and alveoli and consequently no phagocytosis of mucus (mucicarmine; X50). 



Fig 4 —Section through pulmonary parenchyma of control animal. Note mucus in bronchioles, 
■ respiratory ducts, and a few alveoh (mucicarmine; X30). 
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The epithelial lining of the bronchi remained intact, but the ciliated 
columnar cells under went metamorphosis and were largely replaced by non- 
ciliated goblet cells which contained mucus. The mucus rvithin the goblet cells 
was blended with, and indistinguishable from, the large mass of clear mitcus in 
the brotrehial lumen The bronchial cartilages were rvidely separated and 
spaced about the dilated brorrehus and there was fragmerrtation of the clastie 
fibers of the perichondrrrrm. The tubrrlo-acinar glarrds were dilated and mucus 
was seen within the acini. 



Fig 5—Phagocytes ingesting mucus xvlthin the aUeoli (muclcarmlne, X400). 



6—Experimental animal killed 44 ^>eeks after operation Mature fibrous tUsue obliterates 
a bronchiole (hematoxylin and eosin; yiOO) 
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Two weeks after operation, granulation tissue partly occluded the lumina 
of about 10 per cent of the bronchioles (Fig. 6). Twelve weeks after operation 
the granulation tissue liad'been com'erted into poorly vascularized fibrous 
tissue which contained moderate amounts of collagen, but this mature granula¬ 
tion tissiTC did not involve more and more bronchioles. 

In animals killed 16 to 48 weeks after operation, the large bronchi re¬ 
mained full of mucus and the epithelium was flattened out. During the same 
interval there was a decrease in the degree of dilatation of the smaller 
bronchioles and the respiratory ducts. Fig. 7 shows that the normal convolu¬ 
tions had returned to the bronehiolar epithelium and that the bronchioles were 
no longer distended with mucus. 



Fig'. 7.—Experimental animal killed 42 weeks after operation. Tiie convolutions have 
returned to the bronchial epithelium and the bronchioles are no longer distended with mucus. 
Phagocytes in the lobules of the lung have already removed the mucus (mucicarmine; Xithi)- 


COJIMENT 

These experiments have reaffirmed the many clinical and experimental ob¬ 
servations that complete bronchial obstruction ivithout infection results in 
bronchial dilatation by clear mucus. 

Essentially the same pathologic condition was produced experimentallj’’ 
by transection of a lobar bronchus as occurs in patients with traumatic rup¬ 
ture of a bronchus. As with traumatic rupture of a bronchus, a mucocele of 
the lung did not develop, apparently because the secretions that flowed into 
the lobules of the lung were phagocytosed and carried away. 

It has been suggested^®’ that cystic bronchiectasis results when muciis 
dilates the terminal part of the bronchial tree. In these experiments the mucus 
dilated the terminal part of the bronchial tree, but not cystically. It was at 
this locus that phagocytes removed mucus, and here the bronchial tree returned 
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to a normal contour—it did not nndeigo cystic dilatation The isolated seg¬ 
ment of bronchus is eompaiablc to a bioncliogcnic ejst that has no connection 
until the tiaohoobionchial tice and that also is associated uith agenesis of the 
suiioundmg ah eoli The isolation of a segment of bionchus approximates the 
congenital defect postulated by some authors”^® to be the cause of bioiiclio- 
gcnic cysts Houoioi, uith this tcehniqnc, uiioqnnocal bionchogenic cysts 
ueie not pioduecd One is tempted to speculate that bionchogenic cyst is not 
the result, but lathei the cause, of appaicnt ahcolai agenesis ivith resulting 
inabilitj to eliminate seciotions bi phagocj’tosis Howeiei, the data and the 
inteipietation of the data obtained fiom an expcimiental study such as this are 
not nccessai ily cxplanatoi'j of the disease pi occss in man 


SUMIIARX AND CONCLUSIONS 

Phagoeitosis and lemoial of mucus ueic seen histologic.illj in the lobules 
of the lung uhen mucus could tlou into the lespiiatoiy ducts, alvcolai ducts, and 
alvcoh In an cxpeiimeiital group of animals in uhich the mam quantitj of 
seeietion uas isolated in a bionchial segment, little mucus ins picsont in the 
lobules of the lung and hence little uas aiailable foi phagocitosis In a contiol 
gioup of animals in uhieli the seeictions of the rcspiintoij tiact could flou into 
the lobules of the lung, the iiiueus uas phagocj'tosed and earned auaj 

It IS eoneludod that, when the tiachcohionchinl tice is complctclj oc 
eluded in the abseneo of infection, secietions of the icspiiatory tiact aio le 
moved in the lobule of the lung by the process of phagocytosis 'Wlioii the 
sooiotions are letained in an isolated segment of bionchus, a bionchogenic 
cyst IS not piodiicod The most likely explanation for this—and the one most 
in accoid vith piesent knowledge of the physiology of secietiiig cells—is that 
mucous glands and goblet cells seciete until the endobronchial pressuie bo 
eomes so gieat that the glands can no longer continue to seciete against the 
piessuie within the bionchial lumen 
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SURGICAL, TREATJIBNT OP VENTRICULAR SEPTAL DEFECTS; 
A 5IETHOD UTILIZING SELECTIVE CORONARY PERFUSION 
AND HYPOTHERMIA 


John B. Grow, ]!,LD., Charors V. Demoxo, JI.D. (dy invitation), and 
Charles R. Hawes, M.D. (by initiation ) 

Denver, Colo. 

T he use of liypothonnia in the manner suggested hy Bigelow and his asso¬ 
ciates' to perform iiitraeardiac surgery under direct vision has proved to 
he a remarkably valuable and safe method for the closure of interatrial septal 
defects and for incision of the valve in pulmonary valvular stenosis. Attempts 
to use this method to produce and repair interventricular septal defects in ex¬ 
perimental animals soon disclosed that right ventriculotomy under hypothermia 
is a hazardous procedure. Ventriculotomy alone under hypothermia with in¬ 
flow-outflow occlusion of the heart has been shoivn by many investigators to be 
complicated by ventricular fibrillation with failure of the experimental animals 
to survive in an exceedingly high percentage of the experiments. Adding to 
this the dangers inherent in operating upon the ventricular septum under 
direct vision, the more important of which are injuries to the conduetiou system 
and coronary air embolism, the risk of applying this method to the repair of 
interventricular septal defects in human beings was made prohibitive. This 
led to an intensive study of the metabolic changes in the heart muscle responsible 
for the production of ventricular fibrillation and to the demonstration hy 
Shumway, Gliedman, and Lends,' and others, that perfusion of the coronaiy 
arteries with arterialized blood was effective in sharply reducing the incidence 
of ventricular fibrillation, and that resuscitation was readily accomplished in 
those instances where it did occur. The demonstration bj' Shumacher and his 
associates,' of the role played bj^ the autonomic nervous system in the production 
of ventricular fibrillation together with the effectiveness of sino-auricular node 
blockade m preventing its occurrence, further decreased the hazards of this 
complication. Successful results folloiidng operations on the right ventricle 
and interventricular septum in hypothermic dogs, using cardiac occlusion, 
coronary perfusion, and smo-aurieular node blockade, encouraged us to apply 
this method clinically in selected patients. This paper presents our experience 
ivith the use of this method in 10 patients with interventricular septal defects 
(Table I). 

From the Surgical Service, The Childrens Hospital. Denver, Colo. 

Read at the Thirty-sixth Annual Meeting of The Amer' 

Surgery at Miami Beach, Fla., May 7 to 9, 196G. 
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Table I 



CASE 

PRESSURE 

MM. 110 



AGE (YR.) 

P.A. 1 

R.V. 

RESULT 

COMMENT 

1. 

s.y. 

1% 

70/28 

60/14 

Surwvcd 

No nuirmiir 

2. 

w.s. 

30 

76/15 

74/0 

Survived 

AIiicli improved; no murmur; work¬ 
ing; P.O. catheterization, P.A. 44/ 
14, no shunt 

3. 

j\r.L. 

34 

? 

76/0 

Died 

Ventricular fibrillation 5 minutes 
following release of occlusion 
tapes; dcfibrillation unsuccessful; 
e.xtreme pulmonary arteriosclerosis 

4. 

S.II. 

4yo 

60/26 

66/0 

Survived 

Aliirmur present; doing well 

5. 

]\r.H. 

Gi/j 

118/52 

112/0 

Survived 

jMurinur present; P.O. catheteriza¬ 
tion, P.A. 45/15; no shunt 

6. 

P.A. 

11 

63/20 

62/2 

Survived 

JIurmur present; weight gain; no 
dyspnea 

7. 

L.M. 

9 

70/24 

70/0 

Died 

Cardiac decompensation due to aoitic 
insufficiency result of distortion by 
suture; died two months following 
operation; defect closed 

8 . 

L.i\r. 

s 

100/50 

100/0 

Survived 

Murmur present; P; decreased; 
heaving cardiac impulse no longer 
present 

9. 

c.o. 

6 

110/78 

124/8 

Survived 

Murmur present; stormj’ postopera¬ 
tive course; cardiac failure diffi¬ 
cult to control; gradual improve¬ 
ment now 

10. 

S.M. 

10 

112/48 

106/0 

Died 

Complete lieart block with ineffective 
rate following release of occluding 
tapes; defect closed 


iSIETHOD 

Intralraclieal gas-oxygen-ctlier anesthesia supplemented by hypotherima 
was used in each case. The body temperature at the time of the oeclusion varied 
from 80° to 83° F. 

The technique of coronary arteiy perfusion was similar to that described 
by ShuniAvay and his co-AVorkers,= and differed only in the method of piunpmg 
the blood into the isolated aortic arch. The blood used for perfusion was 
arterialized venous blood collected into heparin-glucose solution, and was drawn 
from donors shortly before using and kept at a temperature of 90° F. until 
the time of perfusion. Umbilical tapes were placed around the following ves¬ 
sels: (Fig. 1) both venae eavae, the innominate artery, the left common carotid 
artery, the pulmonary artery, and the aortic arch between the left common 
carotid and the left subclavian arteries. A plastic catheter was placed m t ie 
right subdayian artery at the apex oi the pleural space and adyaneed into 
ascending aorta. In some cases the catheter was inserted into tlie left sus- 
clayian artery, and in these eases the tape on the aortic arch was placed distal 
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to the Ictt subclaM.m aiten T)ie distal end ot this eathctci ivas conuLctcd to 
a sistun ol thieo thieeiiai stopcocks In plastic tubing The bottles ot oM 
genated blood weic connected to this sc stem ot stopcocks In plastic tubing 
Tuo siliconized 20 c c glass sciinges ncic also connected to the stopcocks 

Attei inhltiatmg the sino auiiculai node logioii nith one pei cent Noio 
came, the tapes on the cenae cacae and the aoitie aich neie tightened and, 
altci allowing tniic foi the hcait to cmptc, the tapes on the pulmonaij artoi^. 



ninoniniate aitcij, and leit common caiotul aitcii wcic tightened The in 
cisioii in the light \cntiicle was made and the coionaii ailcn pcifnsion be 
gun, the owgenated blood being alteiiiateh pulled iiom the icsenoii into tlic 
stnnge and injected into the isolated pioximal aoita The late ol pcitnsioii 
has been appiovimatclj 2 cc pei pound pci minute, and c\en m adult pitients 
has not cscceded 120 ec per minute (Tabic II) The septal defects ha\e been 
closed using a iniinmg oi iiiteiiupted silk sutuies Ringei’s solution was iii 
leetcd into the lelt ceiitiicnlai caiiti bctoic complete closnie ot tlie detect, and 
into the iiglit centiiele betoie completch closing the incision in the light leii 
tiiclc The oeelnding tapes on the seiiac c.nae, pnbnonarj aiteii, innominate 
aiten and left common carotid aiteij wcic then lelcased The tape on the 
aoitic aicli was not lemoied until the heart had lesumcd a stiong, effective beat 
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Table II 

CASE 

age (VR.) 

OCCLUSION TIME 
(MIN.) 

CORONARY ARTERY 
PERFUSION (C.C.) 

VENTRICULAR 

fibrii,i,ation 

1. 

S.Y. 

IVj 

141/2 

493 

0 

2. 

W.S. 

30 

10 

1100 

0 

3. 

M.L. 

10 

820 

Five niinute.s after releapc of occlu¬ 
sion tapes; could not be defibril- 
latcd 

4. 

s.n. 

31/2 

9 

420 

0 

0. 

M.II. 

6’A 

12 

750 

0 

6. 

F.A. 

11 

8 

GOO 

Inadvertent use cold blood for per¬ 
fusion (76°F.); defibrillatcd 

7. 

L.M. 

9 

101/2 

740 

0 

8. 

L.M. 

8 

91/2 

650 

0 

9. 

C.O. 

6 

10 

1 

500 

0 

10. 

S.JI. 

12 

11 

750 

0 


RESUI^TS 

Tliis method lias been employed in 10 patients witli interventricular septal 
defects; 7 of these 10 have survived (see Table I). All 10 patients had symp¬ 
toms varying from moderate exertional dyspnea and fatigue to repeated epi¬ 
sodes of cardiac failure. In all 10 cases, there were loud harsh systolic mur¬ 
murs along the left sternal border and moderate to marked cardiac enlarge- 
ment. The second pulmonic sound was accentuated. Electrocardiograms re¬ 
vealed right ventricular hypertrophy and demomstrated diastolic overload pat¬ 
terns in most eases. Cardiac catheterization revealed moderate to marked right 
ventricular and pulmonary artery hypertension and a left-to-right shunt at the 
ventricular level. None of the .suiwiving patients has shown evidence of neu¬ 
rological injury. In 2 patients, murmurs are no longer present. All those 
surviving have shown improvement as evidenced by less dyspnea, a more cpiiet 
heart action, decreased intensity of the second pulmonic sound, and less vascular 
lung fields. Cardiac catheterization four months after operation in cases Nos. 
2 and 5 showed no evidence of a shunt and there was a notable decrease in the 
pulmonary artery pressure. 

In 2 eases, excessive postoperative bleeding required a second thoracotomy 
(Table III). The amount of drainage in the chest bottles following operation 
in these patients has exceeded the amount one would expect in operations not 
employing hypothermia, cardiac occlusion, and perfusion. Studies of bleed¬ 
ing and clotting times, prothrombin and prothrombin consumption times, and 
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fiBir III 


cAsr 

f POSTOPFKATI^ E BT EEDINO 

niSTLPBED COVDUCTIOV 

rosfoi cRATn f 

1 

0 

0 

2 

0 

P'lrtial BBBB pic and 
postoperatue 

T 

- 

- 

4 

Chist Toopenod, lutoinnl 
mnininar\ \ 0 ’<sel 

Complete BBBB 

5 

Chest reopened, diffu'^e 
007ing 

Complete BBBB 

6 

0 

0 

7 

0 

0 

S 

0 

RBBB pro and poat 
operativo 

9 

0 

Complete RBBB 

10 


Complete heart Mod 
(died in opeiatmg 
room) 


of fibimohsin aetivitj of the blood m these cases ha\e been done Mith no con 
stant abnoimalit}' liaiing been noted Ai'itamin K, oMde lias been used cm 
puioally in the nioie lecent cases and thcie seemed to bo less diamage in these 
patients Complete heart blocK occuiied m one patient following ic establish 
ment of the ciieulatlon, and death occmicd in the opeiating lOom because of 
the aeii slow heart late Complete light bundle biaiieh block occmied in 
3 of the 7 suiwuing patients 


rascossio'J 

Ill all of the cases, the hcait action dining the peiiod of coronaij aiten 
peifusion was excellent Tlieie was actne bleeding fiom the small bianchcs 
of the coronaiy aiteiies divided in the line of the ientileiilotomi iiieision, and 
the mjocaidium remained a iinitoimK pink coloi Vcntiiculav fibiillatioii 
occiiried in 2 cases following le establishment of the eiidilation (see Table II) 
In case No 6, it was possibh ielated to the perfusion of cold blood Defibiilki 
tion in this patient was icadih accomplished Ventiicular fibiillatioii also 
occmied in case No 3 and was nicvcisible Post moitem studj in this patient 
showed the most maikcd degiee ot piilmoiiaij arteiioloseleiosis that wo hue 
seen, and the msocaidium contained focal aicas of subacute neciosis 

Piom our limited expeiienee, we feci that the method desciibed effcctiieh 
pieients coronaij an embolism by keeping the aoitie lahcs closed dining the 
peiiod that the icntrieles aie open, since tlieio ivoio no instances ot this com 
plication in the senes Although we seem to be able to eliminate oi matoiiillj 
icduce the hazards of lentiicular fibiillation and coiomm an embolism, the 
time limits of the piocediiie do not allow foi accuiate cialiiation of injuiics 
to the conduction sjstem dining the placement of siituies and would not allow 
sufficient time loi the placement of a piosthesis should it not be iiossible to 
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close the defect by suture methods. In addition, the technical difficulties and 
very real risk inherent in liypothermia itself must l)c taken into account. This 
method was undertaken Ijcfore effect ive pump-oxygenators were available. 
However, we feel that all methods using hypothermia in dii’ect vision cai'diac 
surgery will inevitably be supplanted by the development of a safe, relatively 
simple, effective pump-oxygenator. 


SUMMARY 

1. Seven out of 10 patients survived closure of interventricular septal 
defects employing a method utilizing hypothermia, sino-auricular node blockade, 
cardiac occlusion, and selective coronary artery, perfusion. 

2. The method has the disadvantages and liazards of hypothermia itself 
and, in addition, the time limit imposed by interruption of the cerebral blood 
supply does not permit unhurried repair of the defect by whatever method 
seems most suitable in the individual case. 
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A REPORT ON HETEROLOGOUS VASCULAR SHUNTS (BOVINE 
BRACHIOCEPHALIC) IN EXPBREMENTAL 
AORTIC ARCH RESECTION 


Rilph D ALir\, JID, Allan SrRVNUiAN, MB, Willivm H Sfwell, JIB 
(n\ imitation), Hmrv W ICvuspl, MB (b\ inmtvtion), CnAiiLis E 
Hugmls, Lifuttnint (MC) USNR (b\ invitation), Thomas S Ri i \i, M B B S 
(Sad Aiist ) (ba imitation), and Alan S Peck, M B , C M * (»' imhaiion) 
Albana, N Y , AND BrxnrsD a, Md 


S URGICAL resection of the aoitic aich poses tvo inaioi iinsol'cil piobloms 
(a) a piactical method for hi passing the aoitie aicli (lining the peiiod of 
occlusion, and (h) a suitable giaft foi its leconstuictioii Tins icpoit piiinaiih 
concerns progiess in the e\peiimental solution of the flist of tlicsc piobicms 

Oiu e\peiieneo m the use of a tin ee limbed plastic shunt constructed of 
10 TtlMA OoAe TjgeiA fAlOAIAg MAd SAlACDAACd glaSS ICTOtS AAA cNpcniAicatal ICSCeUolA 
of the dog’s aoitic aich' and its technically successlul (but fatal) application in 
a clinical case" liaio been pievioiisly desciibed An e\teinnl shunt of siniil n 
piineiple but fashioned of Iialoii sponge” and a coinbination of Iialon spoii- 
and horse eaiotid aiteries* has been used by BeBake.i and Cooley in tiio tc( 1 1 j 
callj successful resections of the liuinan aortic aich In the foimei of tin 2 
cases, thiombosis Aias e\peiienced m the iniioininatc aiteiy limb of tlie nnt 
Although the Tjgon shunt Avas successfully used in c\pci iincntjl i letion 
of the dog’s arch by us, the semirigid sAstein pioicd cuiiibeisomo iind (' iiiiated 
the operative field Aecordiiigly, a shunt of more desiiable physical loperties 
Avas sought and a suitable multilimbcd lieteiologous Aasciilai shunt a( , obtained 
by taking adiantage of the fact that the bonne aoitic aich has bii' one branch 
a common bracliiocephalie trunk This Acssel and its caiotid nd siibclanan 
arteiy blanches aie fashioned into a multiliinbed shunt by ovoisr iing the stamp 
of the brachiocephalic E\peiicncc in the use ol this shin in aortic arci 
lesection attempted in 24 dogs foinis the basis of this lejioil The metboJ 
piocuiement of the shunt Aessels and teehnieal iiniiKneimins in Ci-penr: 
aortic arch icsection including the adjiiiitl use ol hjjioti iision aie aL’ * 
desciibed 
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Fig. 1.—Photograph of the inverted left foreciuarter of a steer showing the method of obtaining subclavian artery branches of adequate length 
for brachiocephalic shunt purposes. The adjacent line tracing of the pertinent anatomy reveals the relation of the subclavian artery, as it 
passes into the foreleg, to the angle formed by the anterior border of the scalene muscle and the upper border of the first rib. Incision of 
the fascia in this angle exposes the subclavian artery which may then be drawn out to the desired length and amputated 
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METHODS 

Ptocmcment and preparaiton of tho hounc hiacinocephahc shunt The 
piocuiement of bovme brachiocephalic vessels with intact eaiotid and sub 
claiian blanches is facilitated bj a snpeificial knowledge of the related anatoms 
and customary slaughterhouse proeeduie The simple technique to be described 
ensiiies intact subclavian and caiotid blanches of adequate length without 
mutilation of the carcass oi otherwise hampering the woik of the abattoii 
(In oui early e\peiienee, one of the authors narrowlj escaped piiichase of 
foul sides of beef foi impaiiing theii appeaianee and salabilitv by excessiic 
axillary dissection in the lemoval of the subclavian branches ) 

In selecting a packing house thcic aie obvuous advantages in a small 
govciiimeiit inspected film wheic lapiioit with the management and the govern 
ment inspeetoi can be established on a pci'sonal basis Jloieovei, where avail 
able, a koshei slaughterhouse is to be picfciied foi the reason that the core 
moriial killing involves severance of the caiotid vessels at the angle of the law, 
thus preserving maximum length of these vessels In a conventional slauglitci 
house the method of bleeding involves the blind insertion of a knife in the 
suprasternal notch of the stunned animal Incision of the brachiocephalic 
arteiv neai its oiigin is intended by this manouvei, but iiijuiv oi one oi moie 
of the carotid and subclavian branches often occui's, rendeimg the shunt 
specimen imperfect 

According the usual packing house proceduio, the killed animal is siis 
pended by its Achilles tendons from an overhead track, skinned, cviseciated, 
and split into halves This involves lorn operations (1) lemoval of the abdom 
inal visceia, (2) removal of the thoiacic viscera, (3) splitting the spine 
to the ligamentum nuchae with a saw and (4) completion of the spine splitting 
and division of the ligamentum nuchae with a cleavei Bv requesting the 
tempoiaij defeiiiient of steps 2 and 4, the surgeon can lemove the thoracic 
viscera with intact shunt vessels without imposing a significant dclav in the 
work of the abattoir A leisurely dissection of the shunt vessels fioiii the 
thoracic visceia may then bo conducted in an area not being used foi loutine 
work 

Familiaiitj with the following simple anatomic details will facilitate the 
expeditious removal of the thoiacic visceia and the shunt vessels from the 
suspended carcass (Fig 1) The bovine brachiocephalic artery tiifiiicates 
into two subclavian blanches and a shoit common caiotid tiiink * The caiotid 
vessels pose no special problem, but the intiathoiacic portion of the subclavian 
vessels is verj short due to the naiiovv thoracic inlet formed bj the ring of 
the fiist ribs The subclavian aitcry passes out of the thoracic cavitv anteiioi 
to the first iib and immediately in fiont of the scalene muscle mass, iincntanglcd 
by fibers of the brachial plexus which, in the ox, pass through the body of this 
muscle A short incision through the fascia anterior to the costal oiigin of 

•The \ascular anatomj of the horse is similar but this animal is usually less readily 
juailable as t. source for shunt vessels 
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the scalene muscle permits a finger to be hooked about the subclavian artery 
wliicli can then be drawn out of the foreleg for an adequate length and 
amputated, without the necessity of an axillary dissection for its removal. 

After the shunt vessels have been dissected free of the thoracic viscera, 
the shunt is fashioned bj’' oversewing the amijutated stump of the brachio¬ 
cephalic artery, converting it i)ito a manifold for the carotid and subclavian 



Fig-. 2.—A typical bovine brachioceplialic shunt ivitli two carotid and two subclavian 
artery limbs taken from a 1,000 pound steer is shown. The shunt was fasliioned by over¬ 
sewing the brachiocephalic artery stump as a manifold for the limbs, and all undesirable 
side branches were iigated and amputated. The shunt is shown in its undistended state. 


artery limbs. All undesirable side branches arc ligated at their origin and 
amputated (Fig 2). The average distended diameter and length of the shunt 
limbs obtained from a 1,000 to 1,200 pound steer are as follows: subclavian 
artery—16 by 190 mm., and carotid artery—16 by 260 mm. 

For experimental purposes the prepared shunts are preserved in the 
frozen state and a nominal effort at gross decontamination is made by soaking 
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in aqueous Zcpluian solution foi thiee hoins piioi to use Foi clinical puiposes 
am of the accepted methods ot stciilization and piesciiatioii now eniploied 
foi hoinogiafts uould he desiiablc 

Expcnincntal aortic nich tcscciion einploi/mij a Vovmc Tiiachioccphahc 
shunt and selective hypotension Adult niongiel dogs iveio ainstheti/ed uith 
intiaienous Nembutal and 100 pei cent ovjgen administeicd under mtei 
imttcnt posituc picssuie thiough an eiidotiachcal tube Cannulae inseited 
into the right femoial aitcij and icin soiled foi continuous lecoiding of 
blood picssuie bi moicuii manometer and intiavenous diug and fluid 
ndministiation, lespectueh The thoia\ iias cntciid thioiigh the bed of the 
excised left third iib uitli the dog in the littnl position and adequate 
exposure obtained bj fiactuie of the adoacent tourth iib thiough its nock 
The aoitie aicli and blanches iieic mobilized and the fi st tiio oi thiee pans 
of Intel costal aitciics diiided 



FiS 3 — A, Semidiaarammatic representation of a three Umbed bovine brachioceplmlic 
Shunt as suppUfil m experimental aortic arch resection In the The proxir^l ani umai 

aortic limbs ot the shunt are anastomosed to the host \esscl by exclusion clamp techniquo 
The clogs bracliiocephalic artery is cannulatcd by Uie cephalic limb of the shunt h Area or 
dogs aortic arch and branches to be resected and replaced by graft 


The aoitic aich ^\as then b> passed means of a three limbed boMno 
brachiocephalic slmnt, in the mannei depicted in Tig 3 Witli tlic blood 
diverted through the shunt the arch was c\cised and replaced bj a giaft 
Freeze dried, eth>Iene o\ide sterilized honiogiafts oi Ivalon sponge piostheses 
were used to reconstruct the arch except in one instance wliorein a foimic aud 
treated hi aided njlon giaft was cmplovcd 
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the scalene muscle permits a finger to be hooked about the subclavian artery 
which can then be drawn out of the foreleg for an adc(iuate IcngHi and 
amputated, without tlie necessit.y of an axillary dissection for its removal. 

After the shunt vessels have been dissected free of the thoracic viscera, 
the shunt is fashioned bj^ oversewing the amputated stump of the brachio¬ 
cephalic artery, converting it into a manirold for the carotid and subclavian 
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Fig. 2.—A typical bovine brachiocephalic shunt witli two carotid and two subclavian 
artery limbs taken from a 1,000 pound steer is shown. The .shunt was fashioned by .ovep 
sewing the brachiocephalic artery stump as a manifold for the limbs, and all undesirable 
side branches were ligated and amputated. The shunt is shown in its undistended state. 


artery limbs. All undesirable side branches arc ligated at their origin and 
amputated (Fig 2). The average distended diameter and length of the shunt 
limbs obtained from a 1,000 to 1,200 pound steer are as follows: .subclavian 
artery—16 by 190 mm., and carotid artery—16 by 260 mm. 

For experimental purposes the prepared shunts are preserved in the 
frozen state and a nominal effort at gross decontamination is made by soaking 
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in aqiioous Zoiihuan solution foi tliiec horns prioi to use Poi clinical purposes 
am of the accepted methods of steiilization and preseivation now employed 
foi hoiiiogiafts voiikl be desiiablc 

Lxpcnmcnial am he aicli icscction emphijing a hovinc hrachiocepluihc 
shunt and selective hypotension Adult mongiel dogs ucie ancstliotized vith 
nitia\ciioiis Nembutal and 100 pci cent o\ygon administeicd undei nitei 
mittcnt positive piessuie tlnoiigh an endotiaclical tube Canmilae inserted 
into the right femoial aiteij and vein served loi continuous iccoiding of 
blood piessuie bv mcieuiv manometer and intravenous diug and fluid 
admiiiistiation, lespectivelj The thoia\ was entered thiough the bed of the 
cveised left thud iib with the dog in the lateral position, and adequate 
exposure obtained bv fiactuie of the adjacent fourth iib thiough its neck 
The aortic areli and blanches vveie mobilized and the fiist two oi three pans 
of Intel costal aiteiies divided 



riB S—a SemiaiaEraitin e Ilmbea bovine br«l 1?™!)'''bf 

shunt as supplied in expenmen dop The proxlmil iinj <■' 

aortic limbs of the shunt are 1 by exclusion ch''"P,of 

The doff s brachiocephalic arter limb of the shunt l nv 

doffs aortic arch and bianclies to be resected and replaced by graft 


The aoitie aieh was then bv passed hv means of a thivchmhod 
hi achiocephalie shunt, m the mannei depicted in Fig 3 V7itlt 
diverted through the shunt the arch was excised and repheed I” 
Freeze dried, etlnlene oxide sterilized bomogiafts oi Iisloii spon/H 
wcie used to leeonstruct the aieh except in one mslaiice nhciein a -wia' 
treated biaided njloii graft was cmploved 
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Arfonad’^"-induced hypotension was cinploj’^ed durizig selected steps of 
the procedure because of the tendency demonstrated in our previously reported 
series for the proximal aortic shunt anastomosis to disrupt under noi*mal 
or elevated blood pressures. It is our impression that three factors are re¬ 
sponsible for the tendenej'' of disruption at this site: 

1. The well-known extreme friability of the ascending portion of the 
dog’s aorta.’’ (An appreciation of the degree of friability of tliis area can be 
easily obtained by fracturing the removed specimen transvei'sely with a thumb 
nail. The longitudinal “grain” splits less readily.) 

2. The longitudinal stretch of a portion of vessel contained in a tangential 
exclusion clamp is a function of tlie blood pressure present within tlie vessel 
when the clamp was applied. This longitudinal tension encourages minute 
transverse tears at suture line needle puncture sites in the host aorta, thereby 
weakening the anastomosis. 

3. Hypertension induced by the carotid reflex when the dog’s brachio¬ 
cephalic is occluded for insertion or removal of the shunt cephalic limb cannula. 

The second and third of these factors can be minimized by inducing 
hypotension at appropriate times during the procedure as Avill be described. 

Experience has shown that the procedure is best done in the following 
steps: 

1. Mobilization of the arch. 

2. Anastomosis of the descending aortic limb of the shunt employing a 
tangential exclusion clamp technique. The pleura which closely invests the 
presenting aspect of the descending thoracic aorta is preserved to strengthen 
the suture line. 

3. The sj^stolic blood pressure is then depressed Izy intravenous adminis¬ 
tration of a solution of Arfonad containing 0.5 mg. per cubic centimeter until 
it has fallen to 85 mm. Hg. Experience has shown that the administration of 
5 drops or less of the Arfonad solution at a time will safely depress the blood 
pressure to the desired level without overshooting the mark. As a precaution, 
however, a solution of Levophedt bitartrate containing .004 mg. per cubic 
centimeter is kept available as an antagonist for Arfonad overdosage. With the 
blood pressure at the depressed level, the proximal limb of the .shunt is anasto¬ 
mosed to the ascending aorta and the brachiocephalic artery cannulated with 
the third limb of the shunt. Air is removed from the shunt system by retro¬ 
grade filling of the proximal and distal aortic shunt limbs first, and then from 
the cephalic limb in a similar manner, evacuating the air by hypodermic needle. 
With the shunt in operation the blood pressure is permitted to drift back to 
normal. 

4. The portion of the arch between the shunt limbs and the left subclavian 
artery are then occluded, the arch excised, and the graft sutured in place. 

’Arfonad—supplied by Hoffmann-La Roche, Inc. 

fLevophed—supplied by Wlnthrop-Stearns. 
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5 Tlie simnt limbs arc then reino\cd m reverse oulei of their attachment 
eiiipIoMiig Aifoiiad iiiducccl hypotension to 85 mni Hg systolic dining the 
lemoval of the ascending aortic and cephalic limbs 

KESUI TS 

The aoitic aicli was by-passed by' means of this techmciue in 24 dogs The 
period dining which the shunt was in actual opciation varied fioin one to hv'e 
houi’S (The longest period was occasioned by the necessity of the operating 
sin goon to iiitciiiipt roconstiuetion of the arch to conduct a clinic ) The arch 
successfully losected and leplaced by a giaft in 10 of these animals 

The clastic piopeitics of the shunt proved to be a gieat asset in that the 
shunt limbs could be letiactcd out of the wav to laeilitate evposuio without 
thicat of kinking Indeed, with shunt limbs oi adecpiatc length the manifold 
could be poinnttod to icst on the dog’s chest wall in any portion of the peiipheiv 
of the wound The pulsation ot the shunt was stiiliing and arouses the specu¬ 
lation that the diastolic ‘ systole” of th< hi,e shunt manifold may piomotc 
eoionaiy filling 

Adequacy of blood flow through the si j i was infeiicd grossly by an 
absence of demoiistiable diffcicncc in light ti i ml aiteiy piessuio as measured 
by nicicnry manomctci m the blood delivii < bv the shunt alone and by the 
dog's aoitic aieh with the shunt excluded 

Among the 19 dogs suniving opeiatmn o >ly one demonstiated eential 
nervous system damage This animal diffutd irom the rest in that during 
the occlusion of tin dogs brachiocephalic aneiy loi lemoval of the cephalic 
limb of the shunt the left subclavian aiteiv was inadvertentlv' left occluded, 
thereby depriving the biaiii of aortic aieh nieulation foi a peiiod of ten 
minutes The dog never regained consciousncs-, and died sev'en days latei 
Unfortunately, the biaiii was not examined at autopsy 

In all but one instance the shunt lemained fiec of thiombi Duiing this 
pioceduie a succession of technical errors with attendant excessive loss ot 
blood led to a prolonged peiiod of profound hypotension ending in death All 
limbs of the shunt were found occluded by thiombus The shunt employed, 
howevei, had been thawed on two scpaiate days and prolonged exposure to 
room tempeiatuic may have induced deleteiioiis changes in its mtimal lining 
which piedisposed to thiombosis during hypotension The othei foui operative 
deaths were due to technical factors unrelated to the shunt as follows rupture 
of the host aorta proximal to the shunt due to exclusion clamp fracture of 
Its wall, respirator failure, inadvertent obstiuction of the pulmonary' aitoiy 
by traction, and hemorrhagic shock No dogs were lost due to hemoiihage at 
the shrmt unplaiitation sites 

A detailed repoit on the fate of the dogs surviving opeiation will foim 
the basis for part of a separate studv devoted to the behavior of aortic arch 
grafts In brief hovvcvei, 10 of the 19 opciative survivors died wuthin the 
first postoperative day', 5 liv'ed periods varying from tliico days to five and one 
half weeks and 4 arc living and well five and one half weeks, six wcelrs, eleven 
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months, and one year postoperatively, respectively. (The sole long-term sur¬ 
vivor of aortic arch resection vdth homografting of our first series is doing 
well two and one-half years postoperatively.) 

DISCUSSION 

The operative moidality in this series of experimental aortic arch resections 
employing an heterologous vascular shunt in the dog is 20.8 per cent compared 
with 55.5 per cent in the previously reported series employing a Tygon shunt. 
Some of the improvement is duo to increasing experience as evidenced by the 
fact that the more experienced team had a mortality of only 10 per cent in 
the present series. 

Five operative deaths in the pi*evioiis scries were due to disruption at 
the site of the proximal shunt limb implantation on the ascending aorta. The 
absence of this occurrence in the present series is ascribed to the use of hj^io- 
tension during certain steps of the procedure, and to a lesser degree to the 
use of a shunt with elastic properties. 

Experience in this series of aortic arch resections has demonstrated the 
bovine brachiocephalic shunt technique to have the following desirable features: 
(1) the material is readilj^ available and can be preserved b}^ homograft pres- 
eiwation methods; (2) having the same elastic properties of the vessel it 
temporarily surplants, there is negligible interference with hemodynamics; 
(3) its elastic properties and long limbs provide mobility thereby facilitating 
exposui’e for grafting; (4) the lining of the shunt is essentially nonthrombo- 
genic if being actively perfused by blood; and (5) the shunt is applied to the 
aorta emplojdng standard vascular surgical techniques, without tlie hazard 
of the critical dexterous maneuver demanded by mechanical coupling methods.®’ 

The unhampered exposure permitted by the mobility of the brachiocephalic 
shunt is an asset not shared by the shunt-graft technique successfully employed 
experimentally bj^ Satinsky and his co-workers.® Bailey’s® effort to employ this 
method in a clinical case of large aortic arch aneurysm was largely frustrated 
by exposure problems imposed by the usual adherence of the pathology to 
surrounding structures and the presence of the shunt-graft in the field of 
dissection. The bovine brachiocephalic shunt would appear more promising 
of practical application in the clinical case. 

It is hoped that the detailed description of the method of bovine brachio¬ 
cephalic shunt procurement and its use in experimental resection of the dog’s 
aortic arch will stimulate others to employ tlie method in the experimental 
evaluation of homografts and the various prosthetic materials in the aortic 
arch location. It might be added that this technique of aortic arch resection 
involves six separate and different anastomoses and three vascular suture 
lines which constitute a valuable training excercise for residents interested 
in vascular surgery. 

Tlie authors -would like to express their appreciation to Mr. Kobert Replogle for skilled 
technical assistance. We are indebted to the Department of Medical Illustration, Veterans 
Administration Hospital, Albany, N. Y., for preparation of illustrath'e material, including 
the motion picture shown at the Thoracic Surgical Forum. 
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AORTIC HOJ\I0GRAFT SUBSTITUTION AND BY-PASS 
IN SUPERIOR VENA CAYAL OBSTRUCTION 


John F. Higginson, jM.D. 

Portland, Ore. 

T he clinical picture of superior vena caval obstruction has been well depicted 
and discussed in previous articles and discussions in the literature. Many 
of these, especially the more recent, have been by members of this Association, 
who have amply referred to articles preceding their own, so that repeated 
reference is unnecessary except for purposes of pointed discussion. 

At the 1954 meeting in lilontreal, Seanncll and Shaw* presented a paper 
on the relief of superior vena caval obstruction by the use of free vein grafts. 
We agree with their .statement that most eases of superior vena caval obstruction 
are the result of inoperable malignancy, and we believe now with others that 
perhaps a number of these can be afforded relief by palliative by-pass, in 
addition to the use of x-ray theraijy. We agree that benign proce.sses causing 
superior vena caval obstruction should be considered for surgical correction 
by means of reconstruction of the superior vena cava. 

We have had occasion recently to treat one case of benign obstruction of 
the superior vena cava by resection of the innominate veins and superior vena 
cava with substitution of an aortic-iliac bifurcation homograft, and to treat 
2 cases of malignant obstruction of the .superior vena cava by establishing an 
aortic homograft shunt between the left innominate vein and the right auric¬ 
ular appendage. 

CASE REPORTS 

Case 1.—The patient was a 28-ycar-old man first admitted to Veterans Administration 
Hospital, Portland, Oregon, on May 12, 1955, witli oljvions superior vena caval oljstruction 
of two months ’ duration. He had had a negative survey chest x-ray eight months previously. 
Blood pressure was 148/90 mm. Hg. A^’enous pressure was 28 cm. of water. Chest x-rays 
showed a 3 cm. rounded mass in the right superior liilar area. Angiocardiograms showed 
constriction of the superior vena cava at its point of origin. Intermediate purified protein 
derivative was positive and histoplasmin was 4 plus. 

On May 24, 1955, the patient was explored via a right posterolateral thoracotomy. 
The medial aspect of the right upper lobe had to be sharply dissected off a bulging, firm, 
fixed mass found ceplialad to the hilus and anterior to the trachea and encasing the right 
phrenic nerve and superior vena cava and distal azygos vein and distal innominate veins. 
The phrenic nerve was dissected free. Biopsies and frozen section ‘ ‘ suggested a neurogenic 
tumor.” Following pericardiotomy, about 1 to 1.5 cm. of distal superior vena cava was 
found uninvolved. The proximal ends of both innominate veins were found uninvolved. 

From the surgical services of the Good Samaritan and Veterans Administration Hos¬ 
pitals. Portland, Ore. 

Reviewed in the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published by the author are the result of 
his study and do not necessarily reflect the opinion or the policy of the Veterans Administra¬ 
tion. 

Read at the Thirty-sixth Annual Meeting of The American Association for Thoracic 
Surgery at Miami Beach, Fla., May 7 to 9, 1956. 
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As tlic mass uas sharplj dissectod off the trachea tlic po'^teiior portion of the mass 
uas found to he old cnlcifie, granulomatous, and anthracotic hmph node material An 
aortic iliac bifurcation homograft (frozen dried) was flien placed upside down as tlie raa^s 
was remoicd with encased di‘»tal innominate \cms and proximal superior \cna cava Tlie 
proximal right innominate vein was anastomosed fir^t to one iliac limb of the homograft, 
and then the proximal left innominate vein and the distal superior ^ena cava were clamped 
and dmded and the specimen was removed The aortic end of the homograft was then 
anastomo'sed to the distil superior \cna caia stump, the honiograft wa«i filled wath a dilute 
heparin solution, the other iliic limb was clamped, and itnous return reestablished xia 
the right innominate lem and horaograft and superior vena cava stump Tlie third anasto 
mosis was then done There was imniediitc improvement on the table of the patient’s 
cvanosis and edema Postoperative venous pressure was 15 cm viater 

Postoperative angiogram w done two months aftei ojeration, but unfoitiuntelj oiih 
via the left arm Patciicj was demonstrated on the left side, and altliough the patient was 
clinicall} fine, the angiogram suggested some nairowing of the lumen of the homograft 
Bilateral simultaneous angiograms were done eleven months postoperative!) on Miroli 30, 
195G, and these demonstrated patenc) of the graft and perhaps a slight increase in the 
narrowing of the lumen of the horaograft IIis venous pressure was IS cm of water and 
ho v\as elinicallj well Tlie specimen proved to be a “nonspecific granuloma” deiisel) 
involving the proximal superior vena cava and distal innominate veins Because of the 
impression of the pathologist at the time of frozen section, no portion of tho specimen was 
saved for cultural studj or animal inoculation, which might pos<sibl) have established a definite 
etiologj 

Case 2—A man, 53 jears old, was a private patient first seen Nov. 3, 1955, with a 
two weeks’ established superior vena caval obstruction preceded bj six months of cough 
He was having attacks of syncope, and had to sleep upright in a chair His face, neck, 
and upper trunk and arms wore dusk), suffused, and swollen There was a wheeze in the 
right upper chest Xravs showed a right superior mediastinal ma-^s Bronehoscop) and 
aspirate wore negative except for evidence of extraluminal tracheal compression Scilene 
lymph node biopsy was negative Left arm angiograms demonstrated complete obstruction 
of the superior vena cava and probable obstruction of the nglit innominate vein 

The undiagnosed tumor was explored through a niidline steinotoni) on Nov 11, 1955 
Involving the pretracheal and paritrachcal areas vvas found a large mass to which the 
medial aspect of the right lung was dcnsel) adherent The az)gos vein was buried m the 
raa&s and the supftior vena cava was gro«"l) involved b) tlie tumor with extension into 
the Tight atrial wall No sepaiate tumor could be felt in tho nght lung, but tho medial 
aspect of the right upper lobe was part of the mass just described and a primar) broncho 
geiiic carcinoma was suspected Biops) of one ot the matted confluent l)iuph nodes showed 
metastatic carcinoma 

A reconstituted frozen dried aortic liomograft w*^ anastomosed to the right auricular 
appendage following partial amputation Upon mcising the left inuoininatc vein, a thrombus 
vvas found in it but with release of the proximal vein tho blood flow pushed the firm 
thrombus out and the homograft was tlien anastomosed to the side of the left innominate 
vein The right innominate vein vvas proved* to be obstructed by tumor involvement 
proximally 

Immediate satisfactory flow ensued upon removing tho clamps and the patient’s 
venous pressure was immediately altered, ^though tho right arm did not immediately 
improve as much is the left, for tlie reason just meutiuncd The patient was given deep 
\ ray therapy postoperatively and did ver) well Ho was delighted to be rid of the suiierior 
vena caval obstructiou and the change objectively was ver) striking He was list ‘icen 
on Teb 34, 1956 (three months after opention), and was clmicall) still free of superior 
vena caval obstruction except for slight prominence of the veins of the nght upper client 
wall He was, however, beginning to have some low back pain suggesting metastasis 
Recheck xrajs of Teb 10, 1956, showed some slight decrease m tho size of the tumor. 
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Fig. 1. —Ca.>5C 2. Aortic liomograft sliunt—four and onc-half montlis in situ. Graft is wrinkled 
and irregularly contracted, and there is gross evidence of caicification. 


aortic homograft left innominate vein 





RIGHT auricular APPENDAGE 


9 _9 Calcification in areas of necrosis occurring- subintimally and in ad- 

^ ^ Thirkenintr of intima by edema and actual fibrous tissue. Condensation and 

^(fecreas^ o^f elasT/c tissue^of media. Patient’s own aorta included in this mounted microscopic 

section. 
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During the .ocon.l nook i.. Mnrch, 193(1, (ho pnt.ont kegnn to 
this time his homc-torvn doctor noted somo slighl trn.is.o.it congest.on of tln^ rnl.cnl s luce 
no tol on Mnrch 21,1D36, four nnd onc-hnlf months nfter operntion. Autopsy showed 
extensive widespread cnrcinon.atosis. The primary tumor, ns suspected, was ... the n.c.linl 
portion of the right upper loin., immediately contiguous to the nsygos 
vena cava. TIio superior vena earn and right .nnom.nate vein were plugged l.J tumor. 
The loft innominato vein, homograft, nnd right auricular appendage were ,inlenl, Imt 
there had been a strikinfT clrnnKO in the homofirnft (Fij;. 1). 

sclerotic, contracted, and there wre fuhlntinml ciileific lOuque.^ in it (Fip. Proximallj 
there was a thin veil of mural tltromhus. The cnleification was in areas of necrosis wfuch 
had occurred Ruhintinially and in the adjnrent portion of the media. The elastic tissue 
of the media was condensed nnd decreased as evidenced by clnslic lisi-uc stnius. Tlie lutima 
was thickened by fdiroeelliihir proliferation. These clmuKcs have been described previously 
by many authors.^-* One must consider the possilnlity that if tins man hiid lived sufTieientlj 
long the changes in the homograft might Imve cr'cntually resulted in obstruction to blood 
flow. 

Case 3.—The patient was a white man who, at nge 23 while in the army, had a 
fibrosarcoma removed from the soft tissues of (he right thigh. Three y**ar.s later, in 
August, 1048, a small lump wag noted in the right groin nnd lie complained of a slight 
cough. Bilateral resection of the lymph nodes of the groins revealed no evidence of tumor. 
Chest x*ray showed six metastatic coin lesions in the right lung field. The left side was 
clear. At tliis time, I saw the patient and performed a right pneumonectomy on Aug. 24, 
1948. Tho patient was followed at regular intervals during tho next six and ono-lmlf years 
by the Tumor Board of tho I'cternns Administration Ifospita), Portland. 

On April 14, 1935, the patient uas reelicched and found well c.tccpl for verj’ slight 
narrowing of the esophagus ou barium swallow. There were no symptoms. Five daj's 
later the patient was readmitted because of swelling of the face nnd hoarseness. Tliero 
was obvious superior vena caval obstruction and tho venous pressure was 31 cm. of water. 
The vocal cords were not paralyzed. lie was discharged by Ibe Tumor Board, but returned 
in ^lay, 1935, because of incroapc in symptoms and distress. An angiogram showed what 
was interpreted as an intrinsic lesion in the superior vena cava at its point of insertion 
into the right atrium. Venous pressure was 30 cm. of water. 

On May 17, 1955, the right chest was explored witli the hope of resecting and reanasto* 
mosing the superior vena cava, A tremendously thick, tougli, solid mass of tissue was 
encountered. This was largely fibrous tissue on the pleural aspect, and ab'^olutely no 
sign of cardiac or other riic<7iiisfinal motion was evident. Bissection at various peripheral 
points failed to identify a pericardial cavity, but musses of tumor were found and identified 
as recurrent low grade fibrosarcoma. ‘While dissecting posteriorly and Intorally in tho 
region of the riglit atrium, a small hole uas made in what seemed to bo a hcaw layer of 
rissuc, and through this opening there appeared a pulsing flow of tumor tissue and fresh 
blood clot. It could not be ascertained whether uo had opened into a tumor-and-blood-filled 
poster™ penearcl.M soo or into o t„„.or-mv.,aoa right atrium, au,l tl.is hole and thou tho 
patient's chest were closed. 

this superior vena cavnl ol.struction improved considerablv from 

inti,olastararm“of'surgLaUrtmcttr this has beca oirored 

ohstr.^^™ 

ohstru!tiorimr“d\“d™l!!;^ oonaidoration of a hy-pass proooduro. Tho 

vein rvith almost complete ohsBurt'ou 'f "S f 7' i-nomnato 

Btemum was split and a almat wfs 1 '’7“ “7' tho 

the side of tho left innominate vein hr means ‘o right auricular appendage and 

of the superior vena caval obstruction was obtained ™ ° ‘‘"“ograft. Complete relief 



Fie. 1.—Case 2. Aortic liomograft sliunt—four and one-half months in situ. Graft Is wrinkled 
and irregularly contracted, and there is gross evidence of calcification. 


aortic homograft left innominate vein 



•RIGHT AURICULAR APPENDAGE 


TTie- 9_Case 2 Calcification in areas of necrosis occurring subintimally and in ad- 

iacent media Thickening of intima by edema and actual fibrous tissue. Condensation and 
decreas™ of elastic tissue of media. Patient’s own aorta included in this mounted microscopic 


section. 
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Dunng^ tlio second A^eek in March, 1956, the patient he{,^n to fail rapidly, and during 
this time his home toivn doctor noted some sli{,ht transient congestion of the patient^s face 
He died on March 24, 1056, four and one half months after opt ration Autopsy showed 
extensive uidespread carcinomatosis Tlie pnniaij tumor, as siisjectod, was in the medial 
portion of the right upper lolic, immediatelj contiguous to the arygos vein and superior 
rena earn The superior \ona caia and right innominate \tm were plugged hj tumor 
TJio left innoramatc lein, liomograft, and right auricular aiipendagt, were patent, but 
there had been a striking change in the liomograft (Fig 1; Its wall was wrinkled, 
sclerotic, contracted, and tliore were aubintmial cihific plaques m it (Pig 2) Provimall^ 
there was a thin icil of mural thrombus The calcification was in areas of necro^’is which 
had occurred subintimallj and m the adjacent portion of the nudia The elastic tissue 
of the media was condensed and decreased as cndmccd b^ elistic tist-ut stains The intima 
was thickened bj filirocellular proliferation Tiic«c changis ha\e b cn It- cubed preiioiislj 
bj manj authors'* * One must consider the possibilitj that if this nan had liied sufBcientlj 
long tlic changes m the liomograft might have cvcntualh result J m obstruction to blood 
flow 


CvSE 3—The patient was a white man nio at ago 2'! while n t’e araij, had a 
fibrosarcoma remoiod from the soft tissues ot the right thigh IW ^ tears later, in 
August, 194S, a smill lump was noted in the right groin aud he compDincd of a slight 
cough Bilateral resection of tlio Ijmph nodi', jt the gioins revealed no evidence of tumor 
Chest X raj showed six metastatic coin lesiou m the right Jung field left side was 

clear At tins timo^ I saw the patient and peif med a right pieumomc^ou) on Aug 24, 
1948 Tho patient was followed at regular inttr^als during the next six and one half }ears 
by tho Tumor Board of tlic Veterans Admimstiation Hospital Portlfin’ 

On April 14, 1935, tlio patient was reelie I 1 ami found well except ff>i' sbght 
narrowang of tho esophagus ou barium swallo There were no symptoms Fi\e dajs 

later the patient was readmitted because of liing of the face and hoars ness There 
was obvious superior vena caval obstruction and tl lenous pressure was 31 m of water 
Tho vocal cords were not paralyzed He was dis 1 ^ 1 3 1 the Tumor Board, but returned 

in May, 1955, because of increase in ‘:^mptoms a 1 di<*tres An angiogmm showed what 
was interpreted as an intrinsic lesion in the -^uj mi am cava at point of insertion 
into the right atnuin Venous pressure was 30 ii i water 

On Ma> 17, 1955, the right chest was explored with tho hope of re'^ectmg and leanasto 
raosing tho superior lenn cam A tremendously thick, tough, solid nnis'^ of tissue was 
encountered This was largely fibrous tissue on the pleural aspect, and a so u e} no 
sign of cardiac or other mediastinal motion was evident Dissection at vanou« penp lera 
points failed to identify a pericardial caiity, lut nias'ics of tumor were foim ^ ® 

as recurrent low grade fibrosarcoma WJiiIc dissecting posteriorly and a era y in le 
region of the right atnura, a small hole was made in what seemed to bo a icuy ° 

tissue, and through this opening there appeared a pulsing flow of J 

Mood Cot It co®,d not a.ccna.nod wfotfon ne ,nd oponod .nto “ 

posterior pericardial sac or into a tumor iniadcd right ntnu 
patient’s chest wem closed 
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\olumc3’ AOBTIO IIOJroGR \rT STJBSriTUTION AND B-i PASS fiSQ 

Ho did ^cll until January, 1956, ^\l)cn ho dc\clopod dj«!pnea md a cough Basal 
riles wore noted in the remaining lung He began to ha\c recurrence of his superior vena 
caial obstruction sjTidroine. and venous pressure on Jan 10, 205(>, vas 34 cm of ivater It 
was thought that the homograft liad probablj thrombosed, but angiogrnphj on Jan 12, 1956, 
showed the homograft to be patent 

Tho patient died on Jan 14, 1956 (six weeks after the shunt operation), and autopsy 
showed tho innominate aoin, homograft, and right auricular appendage to be patent with 
out am evidence of thrombosis (Big 3) 

However, the operative findings of Maj, 1955, the terminal dyspnea, cough, and rales, 
and tho terminal superior vena caval obstruction svTidromo were explained by the finding 
of huge masses of tumor and old and new blood clot iii the posterior pericardial sac, 
compressing the atria and appirentlj causing an cffectuil tamponade with obstruction to 
blood flow 

The aortic homograft grossly showed some wrinkling, but niicioscopicallv it could 
not be distinguished from a normal aorta even bj means of various stains (Fig 4), but 
there was some beginning prolifer ition of filious tissue along (he intima of the graft from 
the points of anastomosis 


DISCUSSION! 

The use of aoitie lioniogiafts as substitutes and slumts in the tieatment of 
aitoiial disease is uell established Tlicii coiitiiiiicd use m tlie tieatment of 
supeiioi icna oa^al obstuiotion merits eoiisideiation and fuithei tiial The 
discussion of Seaiiiiell and Shnu s papci’ bj Samson, O’Neill, Knj, Ilanloii, 
IClassen, Doteiling, Geibode, and Holman, coicied the vaiious aigumoiits foi 
and against the use of aoitio and lenoiis liomogiafts and autogiafts It mai 
bo that homologous tissues mil eientuallt fibiose oi thionibose as Geibode and 
Klassen ha\e stated, and tho pathologic findings in one and tho angiogiaphio 
findings in another of mj cases also suggest tins is the fate of these tissues 
noMe\ei, Kaj’s expeiionoo Mould seem to indicate that lenoiis tissues, Mhethoi 
homologous 01 autogenous. Mill also fibrose Tins Mould seem to lease mils 
autogenous aoitie giafts as tlie Iij potlicticallj ideal tissue, and tliese aie not 
icadils asailable 

Insofai as blood scssel loplaeemcnts geiicialls aio conceintd, Linton'' states 
that homologous aiteiial gialts thioinbosc less than othei tspes of giafts, 
when used in the tieatment of aitoiial disease Of coiiise this thought mas 
not bo cqiiallj applicable to sciiis, poibaps foi the leason mentioned bs Ooi 
bode' " but Hanlon’s,’ Deterling’s,' and Holman’s' expoiionecs ssitli aoitie 
liomogiafts in the treatment of siipeiioi sena casal obstiiietioii sseie favoiable, 
and moie lecentlj Resono, Reynolds, and Dodiill® base lepoitcd tho satisfactoij 
use of an aoitic homograft foi occlusion of both innominate seins, the patient 
being Mcll fourteen months aftei opeiation 

Our osvn espeiience recorded here is obsioiislj limited, and the longest 
folloss np IS only cltsen and one half mouths Moi cover, definite gross and 
micioscopie pathologic changes oeeiiiicd in one homograft in place foi four 
and one half months, and sse do not kiioM ssliat the ultimate fate Mill ho of 
the aoitit iliae bifuicatioii homograft Nonetheless, our experience has impiesscd 
us suffieientls to feel that sse should offei this tieatment sshcnosoi possible, 
espcciallj as palliation in cases of malignancs Tho lolief of S 3 -mploms is 
diamatic and stiilang and is giatcfiiUy appicciated bj the jiatient 



HiGGmso^r 


J. Thoracic Suri?. 
November, 1956 



3 .—Case S. Aortic honiograft shunt—six weeks in situ. Wrinkling of graft grossly. 
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Ho did ^cll until January, 1050, when he developed dyspnea and a cough Basal 
riles were noted in the remaining lung He began to ha\c recurrence of liis superior \ena 
caval obstruction syndrome and venous pressure on Tan 10, 1036, was cm of water It 
was thought that the homograft liad probabU thromliosed, but angiographj on Jin 12 1956, 
showed the homograft to bo patent 

The patient died on Jan 14, 1956 («ix wecls aftei tlio shunt operation), and autopsy 
showed tho iiinominato \oin, homograft, and right auricular appendage to be patent with 
out ail} evidence of thrombosis (Fig 3) 

However, tho operative findings of Ma}, 195 d the terminal dyspnea, cough, and riles, 
and tlio terminal superior ^clla caval obstruction syndrome were explained by the finding 
of huge nia««es of tumor and old and new blood clot in the posterior pericardial sac, 
compre‘«sing tlio atria and apparentU causing an effectual tamponade with obstruction to 
blood flow 

The aortic homograft grossl} showed some wrinUing but microscopically it could 
not be distingui'ilicd from a normal aorta men b} means of \arious stains (Fig 4), but 
tlicrc w IS some beginning proliferation of tlbious tissue aloig the iiitimn of the graft from 
the points of anastomosis 


DISCUSSIONf 

The use of aort:o liomografts as substitutes and shunts in flic tieatmont of 
aitoual disease is ivoll establislied Tlicii coiitmiied use in the tieatiiient of 
supoiior icna ca\al obstiuction meiits consideiation and initliei tiial Tho 
discussion of Scannoll and Shaiv’s papei' In Saiiibon, O’Neill, ICaj, Hanlon, 
Klassen, Dotoiling, Goiliodo, and Holman, eosciod the saiious aiguments foi 
and against tho use of aoitie and icnous homo^iafts and antogiafts It mas 
bo that homologous tissues Mill csentnallv fibiosc oi thrombose as Gorbodo and 
Klassen base stated, and the pathologic findings in one and the nngiogiaphio 
findings in anothei of mj eases also suggest this is the fate of these tissues 
Hossesei, Kaj s e\pericnco svould seem to mdicatt that senous tissues, sshether 
homologous 01 autogenous. Mill also fibiosc This Mould seem to lenie oiih 
autogenous aoitic gialts as the lijpothcticalli ideal tissue, and these aie not 
leadilj aiailable 

Iiisofai as blood icssel leplacements gencinllj aie coiicoincd, Lintoii“ states 
that homologous arteiial gialts tluombose less than othei tipes of giatts, 
Mheii used in tho tieatmont of aiteiial disease Of couise this thought mai 
not bo eqiiall3 applicable to seiiis, pci haps for the leasoii mentioned b\ Gci 
bode,' " but Hanlon’s,’ Deteiling’s,’ and Holman s' e\peiiences Mith aoitie 
homogiafts in the tieatment of supeiior vena eaial obstiuction MCie faioiablo, 
and more lecentlj Reveiio, Kejnolds, and Dodiill® line lepoited the satisfactoii 
use of an aoitie homogiaft foi occlusion of both innomiinte \eins, the patient 
being Mell fourteen months aftei operation 

Oni omi expeiience recoided heie is obiioiislj limited, and the longest 
followup is only eleieii and one half months Jloieoiei, definite gioss and 
microscopic pathologic changes occnircd m one homogiaft in place foi foiii 
and one half months, and Me do not Ijiow Mhat the ultimate fate Mill be of 
the aoitic iliae bifiii cation homograft Nonetheless, our expciicnce has impressed 
us sufflcieiitb to feel tliat mo should offci this tieatment Mheiiciei possible, 
espeeiallj as palliation in eases of malignancj Tho lelief of symptoms is 
dramatic and stiiking and is giatofullj appicciatod hi the patient 
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It is quite probable liiat some of tlic newer plastic inatcrials will prove 
better and more adaptable and perhaps suffer no changes within the host, but 
we feel at present that aoi'tie homografls arc the best available material for 
use in the surgical treatment of superior vena caval obstruction eithci' by 
resection and substitution, or by shunt. 

T1i( 3 autlior wislio.s to acknowledge gratefully' Ike cooperation and kelp received by 
kim from JX Altman and B. Sttuirt, pkotograpkors at VAK, Porlland, Ore.; to Dr. W. Hang, 
patkologist at YAH, Portland; and to J)r. At. TIeincman and Dr. W. Lcliman, jjatkologialM 
at Good Samaritan Ho.spital, Portland, Ore. 
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ESPERIJEENTS WITH SUBSTITUTE ESOPHAGUS 


Laurence H. Rubbnstein, JI.D.® (bv invitation) 

Chicaco, III. 

I N THE surgical treatment of esophageal lesions, many oceasions oceur in 
whicli it would be a great advantage to be able to replace easily the diseased 
portion of the esophagus. In a previous report from our laboratory wo de¬ 
scribed the use of autogenous skin transplants as replacements for portions of 
esophagus.' Many subsequent experiments Imre been conducted and it seems 
proper now to report our results. 


JIETHODS 

The experiments were all carried out on mongrel dogs. 

A. Esophageal transplants with preserved and fresh heterologous homo¬ 
grafts; A series of c.xporimcnts in rvhich segments of thoracic esophagus wore 
resected and replaced by grafts of free donor esophagus from another animal led 
to the same constant results; namely, failure of now graft to “take” and bridge 
the defect. One hundred per cent failure was due to lack of healing between the 
normal esophagus and donor graft esophagus with subsequent leakage and 
empyema. 

B. Skin tuhe grafts; Those series of e.\periincnts were previously reported 
in the Fundamental Fontm of The American College of Surgeons (1952). We 
concluded that autogenous sldn, both as a patch graft and as a free skin tube 
graft, will “take” and bridge the created defect in the esophagus (Fig. 1). The 
unliappy circumstance which followed was scar formation at the site of the skin 
tube graft, and strictures with extensive grafts. This, we felt, was a vor,v serious 
problem. However, if controlled, skin tube grafts would be a real contribution 
to the field of esophageal surgeiy. 

Substances which might delay and inliibit scar formation were logical things 
to try in an attempt to stop stricture formation at the operative site. 

0. PiromenrI : An anti-inflammatory agent was used in five e.xperiments 
with skin tube grafts. The regime using Piromen was 0.3 c.c. first day, 0.5 e.c. 
second day, 1.0 c.c. on the third day, and 1.0 c.c. daily thereafter." All our 
animals died within the first week postoperative with the common finding of 
no healing of the graft. It could be lifted right out of its bed. We concluded 
that Piromen inhibits healing and prevents the skin tube from “taking.” 

From the Department of Gastro-Intestinal Research, Medical Research Institute of 
Michael Reese Hospital, Chicago, Ill. 

This work was supported by AMA Grant No, 170 and American Cancer Society, Chicago 
Chapter. The Department is in part supported by the Michael Reese Research Foundation. 

Read at the Thirty-sixth Annual Meeting of The American Association for Thoracic 
Surgery at Miami Beach, Fla., May 7 to 9, 1956. 

•Department of Surgery (Thoracic), Michael Reese Hospital, Chicago Medical School^ 
Cook County Hospital, Chicago, Ill. 

fSupplied by Baxter Laboratories. 


691 



BLfBElSrSTEIX 


J. Thoracic Sure. 
Norember, 1956 

Z>. Reactive tissue tube: It was of great interest to ns to note that in some 
lals ■\\liere there was an esophageal leak, a reactive mediastinitis about the 
liagus created a firm infiltrative wall. Perhaps, we thought, if a temporary 
would bridge the gap between the proximal and distal ends of cut 
hagus long enough to produce a reactive wall, then a neiv channel might be 




rMg. 2.—Prosthetic esophageal tubes used, i, Tyson untreated, nonreactive. 2, Tyson 
3 d with dicetyl phosphate, reactive. S, Crimped nylon tube, untreated. Crimped nylon 
spraj’ed with Krj'lon. 5, Crimped nylon tube, shellacked. 


ted. Folloudng the suggestion of Berman, a plastic tube (Tjgon) was used 
le thoracic esophagus.^ However, in order to produce a severe tissue re¬ 
in, the tube was first impregnated with dicetyl phosphate® (Fig. 2, No. 3), a 
; which has been shown to cause severe inflammation -with subsequent dense 
lus reaction. 

Three experiments were performed in Avhieh such an impregnated Tygon 
was placed in the area of the pulmonary ligament between layers of 
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pleura. Ill each case within six to eight weeks a thin fibrous tissue tube w< 
formed surrounding the plastic tube. These connective tissue tubes were use 
to bridge an esophagus defect and all led to fibrous stricture of the lumen witl 
in two to throe weeks. 

■\Ve knew that the connective tissue tube could be formed and that it coul 
be used to bridge a dofeet in the csopbagus. However, because of progressiv 
fibrosis, this viable tube led to a stiieturc. Therefore, four experiments wei 
done in which reactive Tygon tubing bridged the two ends of esophagii.s. Tli 
tubes were held in place by simple circumferential tio.s about the pro.ximal an 
distal ends of the esophagus (Fig. 3, .^1). The stiff tube was to act as a suppoi 




I 
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\ 

ll 




A 


B 


Fie. 3.'—Sketch of technique used to bridge esoplmgeai ileftrt=! 1' 

circumferential ties. B, CnmpeU nylon tube liel i m p’ 'by intcrrupieci stitcnes. 

while a new connective tissue tube was forming about it. Our main problen 
encountered here was that the tube slipped. One dog lived four months be 
fore the tube slipped into the stomach. Within one week severe stenosis of tin 
lumen followed. The otlier dog vomited the tube. In each case, stricturi 
quickly ensued. Dilatations ivith graduated Hurst dilators were carried oui 
successfully for two weeks on one dog. Through an error, subsequent dilata 
tions were not done and again irreversible stenosis followed. 

E. Crimped nylon tuhe prosthesis: The problem of better anchoring ; 
prosthetic tuhe led us to try a crimped nylon tuhe.“ (Those tubes were describee 
as vascular conduits by Edwards and Tapp.*) The advantage of the tube was 
its ability to take stitehe.s and its semirigid flexibility. At first inspection i1 
was seen that the tubes were not watertight and when moistened they wore nol 

•We are obllgca to Dr. J. S. Tapp of the Chemstrand Corporation for supply of thes! 

tubes. 
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firm. "We therefore decided to stiffen and waterproof the tubes by two methods: 
(1) a water repellent spray (DuPont Krylon) was spraj’ed over the entire sur¬ 
face (see Pig. 2, No. 4), and (2) the tube was placed in common shellac used in 
the physiology- laboratory (see Fig. 2, No. 3). 

TECHNIQUE 

The experiments were divided into replacement of segments of resected 
esophagus in two locations—^the cervical esophagus and the thoracic esophagus. 
The technique for placing the tubes (see Fig. B, B) was as follows: A 2-ineh 
segment of esophagus was resected. Because of the elasticity of the organ, the 
gap between the proximal and distal ends was sometimes 3 inches. The nylon 
crimped prosthetic tube was inserted to bridge the defect. A general rule which 
we learned was that the portion of tubing yvhieh is to be inserted into the lumen 
of the esophagus must be the same length as the defect itself. That is, if the 
bridged area is 2 inches, then the portion of tube in the proximal and distal 
esophagus should be about 2 inches each. Hence, to bridge a 2- to 3-ineh de¬ 
fect, the tube should be 6 to 8 inches long. Pour to six interrupted cotton 
sutures are placed through the esophagus at each of the ends of the tube. This 
anchors the tube. The margins of cut esophagus are then sutured yvith inter¬ 
rupted stitches to the nylon tube. It is best to be able to pleuralize this area, 
if the mediastinal pleura is available. Cai’e should be taken in the dissection 
of the esophagus to preserve its segmental blood supply. 

Seven animals were operated on intrathoracically. Two dogs died of leak¬ 
age and empyema in the first week postoperative. Two died of distemper udth- 
in the first week iiostoperative, but the .surgical site was intact. Three animals 
ate well for three to five weeks and then developed swallowing difficulties. In 
all the animals, the tube slipped out of the esophagus and into the stomach and, 
as in previous experiments, the new esophagus shrunk and strictured. It has 
always been our belief that these constricted areas could be dilated if thej^ are 
recognized early enough. Because tubes slipped into the stomach without pro¬ 
ducing symptoms imtil the stricture of the esophagus was advanced, we decided 
to place the tubes in the eerrical esophagus expecting the animal to vomit the 
tube when it became loose. Soon after the tube was vomited, dilatations could 
begin. 

The cervical esophagus Avas exposed, and l^o- to 2-inch segments Avere re¬ 
moved. The defect -was bridged as previously described. The dogs Avere 
placed on a rigid regime of nothing by mouth for seven days, atropine 7 mg., 
three times a day, to dry secretions, and intravenous fluids. This relatively 
simple procedure Avas successful in 5 dogs, Avho surA-ived. In four to five Av^eeks 
the tube Avas vomited and the ncAV portion of esophagus began to contract. 
Dilatations can be successfully carried out if started early and maintained, first 
at daily, then at weekly inteiwals. For example (Dog No. 5413),^ the 
nylon tube Avas placed in the cerA-ical esophagus. One week postoperatively 
the dog Avas eating AveU. A barium sAvaUoAv three Aveeks later showed good 
SAA-alloAving, no obstruction, the prosthesis still in place. In four Aveeks the tube 
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Fig. 4.—Dog No B'Ua. Eight ^\eeks postoperative sacrificed specimen. Area of substitute 
esophagus between arrows. Lumen adequately maintained by dilatations. 



Fig. 5—Microsection of specimen Fig. 4, A, Squamous-cell epithelium. B, Fibrous tissue wall 
of new esophagus O, Normal esophagus. 
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was vomited. Progressive narroAving of the esoiihagus was noted on barium 
swallow so that five weeks postoperatively (one week after the tube was 
vomited), evidence of obstruction was seen on fluoroseopj". Dilatations were 
immediately started with Hurst mercury filled dilators on the unanesthetized 
animals. The lumen was easily stretched to No. 40 size, about the size of a 
thumb (Pig. 4). Eight weeks postoperatively, the animal was sacrificed. The 
new esophagus was lined Avith scpiamous-eell epithelium (Fig. 5), After dilata¬ 
tions the lumen is the size of a thumb (2.5 cm. in diameter). 

DISCUSSION 

It is eAudent that a new substitute esophagus can be created as AA'as outlined. 
Tliis ncAv tube, hoAvever, has deficiencies. Namely, (1) it is not covered Avith 
muscle and it is not innervated, so that peristalsis is impaired, and (2) much 
more serious is the unfailing tendency of this structure to sear and contract. 
In the cerA-ieal esophagus, where the effort of deglutition is strong, the bolus is 
well propelled beyond the site of peristaltic absence. In the thoracic esophagus 
the bolus slowly passes through the opex-ated site. The scarring and stricture can 
be controlled by use of dilators at frequent intervals. In the human being, avIxo 
chcAA's his food Avell, can complain of any early dysphagia, and aaPo could co¬ 
operate, it is conceivable that this technique aa-ouM be feasible, if associated Avith 
frequent dilatations. 

It would seem that, if some teelinique could be developed Avhich AAmuld 
prevent the stricture and scarring of the ncAv tissxie, the most seidous handicap 
of this procedure Avould be eliminated. Another definite contribution (but per¬ 
haps not as faA’orable) Avould be to be able to place a prosthesis AA'hich would 
not leak and Avould not AAmnder from its site. 

Our experiments are proceeding in the tAA^o directions. "We hope to be able 
to report further results. 


CONCLUSIONS 

1. Our expei’iences AAuth substitute esophagus are related. 

2. Substitute esophagus can be created. 

3. The substitute esophagi created in the cerAucal esophagus are more suc¬ 
cessful and more easily maintained. 

4. Strictiii’e fonnation remains a major pi’oblem in the xibaa' tissue. 
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THORACIC SUROliRY PORUJl PAPERS 


!DR ALFRED GOLDilAN, Bc\orl) Hills, Cfthf—I wish to direct remarks to 
Paper Ko JO, winch has m it the problem of the acute pulnioiiarj nrtorv and right sided 
heart occlusion, and I wish to dcmonstrnto the ph^ biologic effects of right sided heart 
occlusion b\ occluding tlie pulraonarj artery, with some ob^ersations we ha\e made in. a 
stud} of cinematograph} at tlic Cit} of Hope Medical Center with Drs Zeiithn, Rigler, 
Rehixian, and G}arfns This work has so far been done onh on dogs In the course of 
these studies some observations have been made which shed light on what ina} happen 
after acute pulmonar} artcr} occlusion When the common puluionar} artery is occluded 
b} a clamp, the right ventricle is seen to dilate, to increase its size, and the beat to become 
somewhat more feeble If one is able to visualize what is going on within the right 
ventricular caMt}, one secs that there is immediate dilatation of the atrioventricular valve, 
it becomes insufRcicnt aud there is a reflux: of blood back luto the venae cavae, and this is 
demonstrated in the movie If one changes from a contrast medium ^uch as tJrokon or 
Diodrast to a contrast medium of a gaseous tjpc, ono can further studj this problem 
When this is done, if a mixture of helium and o\}gon is used, injected at the rate of about 
500 com less than two seconds, then the Ji3}0cardium of the right ventricle appears 
different, it not onl} becomes markedly dilated, but also becomes red instead of cyanotic 
There is no evidence of foaming VMthm the right ventricle 

Motion picture—cinofluorograph} w'lth electrocardiogram 

The right ventricle is cannulatcd and the dvc will be injected into the right ventricle 
directl} The clamp is on the pulmonar} artcr}, and 'ou see the reflux, which has oe 
curred through the insuflicienc} of the atrioventricular vahe, opacifjmg both the superior 
and inferior venae cavae, w'lth each ventricular svstole This of course is a visual demon 
strntion of w'hat w^e expect will happen 

After injecting helium 20 per cent and ox}gcn SO per cent, the heart beats on a«t 
evidenced b} the electrocardiogram No foaming appears to occur although classicall} wc 
think it should when there are large amounts of air in the right side of the heart After 
five minutes the right heart has nearly filled with blood The right ventricle is a deep red 
color, redder than the loft, and apparcntl} derives some oxygenation from the oxvgen 
helium mixture In another two minutes there is more blood and less gns, and after an 
other injection there is actuallj some air reflux back through the tricuspid valve into the 
venae cavae You can see the chordae fendineae, the valve action, and the dilated ring 
After seven minutes no electrical changes occur and the heart is pumping regularly and all 
the gas has disappeared 

DK H HANSON, Stockholm, Sweden—This discussion was not returned editor 

MR DENNIS MELROSE, London, England—Tins discussion was not returned editor 

DR EARLE B KAY, Cleveland, Ohio—-As }Ou have gathered this morning, one is not 
considered very sociable in Cleveland unless he has a pump ov}genator I would like to 
describe the one Dr Cross and I developed during the past year and to mention our tech 
nique for closure of ventricular septal defects 
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(Slide) IVe have developed a rotating disc oxygenator-reservoir. It requires a m^niTniim 
priming of 800 c.c. of blood but an optimum of 1,400 c.c. is used. The additional COO c.c. 
act as a reservoir. Two sizes of oxygenators are used. One contains 60 and the other 
100 Teflon discs. The smaller oxj-genator has a capacity of 2,000 c.c. blood flow per minute 
and the larger has a capacity of 4,000 c.c. per minute. As the discs revolve, a thin film 
of blood is exposed to the oxj'gen in the upper part of the chamber. 

(Slide) We have operated upon 17 patients with three deaths. There has been only 
one death in the last 11 patients, and that was a child with a severely malformed heart 
for which nothing could be done. We have utilized blood flows ranging from 40 to 80 c.c. 
per kilogram per minute, the majority having been between 60 to 70 c.c. per kilogram per 
minute. Flow rates have been dependent upon venous return and mean arterial pressure. 
Arterial oxygen saturations have varied from 97 to 103 volumes per cent. The average 
increase in hemolysis in the 17 patients was 32 mg. per cent. There was no significant 
trauma to the blood elements except for a slight fall in the platelet count ns determined 
by phase microscopy. There was no bleeding tendencj' postoperatively. The average 
postoperative clotting time was seven minutes, which became normal within one or two 
hours. Cardiac by-pass times have ranged from fourteen to forty-live minutes. 

Though hemolysis has not been a problem with the use of a Sigmamotor pump, experi¬ 
mentally we have found that this can be even further reduced by means of a hj'draulic 
pump which compresses a large %’alved rubber tube through a fluid medium. This pump as 
demonstrated on the slide has a capacity ranging from 200 to 4,500 c.c. per minute. 

(Slide) This is a photograph taken during closure of a large ventricular septal defect. 
If the sides of large defects are approximated by direct suture, there is a tendency for such 
sutures to pull out. Consequently, we utilize a plug of Ivalon sponge with multiple inter¬ 
rupted sutures. Since using this technique we have had onlj- one patient who has had a 
murmur postoperatively. There have been no bundle branch blocks afterward. We feel 
that there is a certain advantage in maintaining the normal heartbeat (at least for most 
of the time) rather than stopping the heart, for it maintains a well-oxygenated myocardium; 
there has been no instance of ventricular fibrillation; it allows blood to escape through 
openings not completely closed so that additional sutures can be employed; and the flow of 
bright red blood will make other possible septal defects obvious. In 3 patients, multiple 
septal defects were present. 

DE. DENTON A. COOLEY, Houston, Texas.—Our experience with extracorporeal 
circulation to the present time is limited to 6 patients with four survivors. The two deaths 
occurred in extremely sick infants with atrioventricular communis defects, one of which 
was probably completelj' uncorrectable. Four other cases of interventricular septal defects 
have all survived with gratif 3 'ing results. 

Our method of cardiac bj'-pass is similar to that described by Drs. DeWall, Bead, and 
their associates with a bubble oxygenator and employing the reduced flow principle. Our 
heart-lung machine was constructed by Dr. Benjamin Belmonte. 

Our experience is somewhat unique in that the survivors were all adults or adult¬ 
sized adolescents, and flow rates between 1,800 and 2,600 c.c. per minute were emplojmd 
in an attempt to provide 40 c.c. per kilogram bodj' weight per minute. Plasma hemoglobin 
in the oxygenated blood at the completion of the perfusion has not exceeded 50 mg. per 
cent and no ill effects have been demonstrated from hemolysis. Perhaps Dr. DeWall would 
comment on his own observations on hemolysis and other results of trauma to blood result¬ 
ing from turbulence in the bubble oxj’genator. 

Unlike almost all other groups engaged in this tj-pe of work we have not used protamine 
to neutralize heparin following the perfusion and have observed no abnormal bleeding after 
operation. We have injected 1.2 mg. heparin per kilogram body weight just prior to the 
eannulation and the blood used for priming the oxj'genator and pump contains 18 mg. 
heparin for each 500 c.c. blood. We have not used protamine because in 2 of our early 
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patients slow injections of oven small amounts appeared to produce lijpotension and T\e 
decided to determine the nece«!sitj for this drug after cardiac bj pass 

DR "WAllS R WEBB, Jackson, Miss —'Miny of the papers this niorning have dealt 
Mith the dangers of \cntricular fibrillation and larious methods of controlling it or at 
least modifjing it This brings to mind that the e\aet meclianism of \entncnlar fibrillation 
IS us jet incompletely understood, e\en though Tie do knoM mam of the factors that help 
to control it It is still highlj debatable among cardiologists and plnsiologists whether it 
arises from a multifocal or from a unifocal site as a circus moicment tjpe of procedure 
Wo ha\o seen this morning that it can be regulated l>^ nmnT extraneous influences—drugs, 
electrohtes, and hormones "We ha\o also heard from Dr Sliumacker's group that it can be 
regulated, bj factors influencing the nunculnr conduction st stem, that is, bT blockade of 
tho sinoauncular node and bj dorsal S 3 mpathcctomj I\e hne been bloclcing the atrio 
\i utricular node, either uitli procaine or b 3 nctuall 3 scicring the conduction bundle in the 
region of tlic node Wc ha\c found that after either method uith complete dissociation of 
tho nunclcs and lentncles, it is quite ditficult to produce fibrillation lu the \cntncle b 3 an 
electric stimulus or by focal cooling The exact significance of this remains uncertain It 
seems to argue against the mechanism of acntncnlar fibrillation, from these tj'pes of 
stimuli at least, being due to a circus mo\cmcnt It is bolioicd that this uill gi\e us one 
more approach for 8 tu(l 3 uig the mechanisms and control of \entricular fibrillation 

DR E S HIJRWITT, feciradilo, N Y—I should like to comment bricfl 3 on Paper No 
18, in uhicli Dr Yatkms demonstrated so nicclv that m 30 cardial irritability in hjpotherniic 
and normothermic dogs can bo suppressed b 3 tho hormone like preparation, soraatotrophin 
Wo woro supi>licd uith some of this drug, uliich uas evaluated by the memberb of our nnes 
thosiology department at tho Montefioro Hospital lu a group of normothermic human beings 
Tvvent} fivo iioneardiac patients in regular sinus rhythm were prepared with tlus drug as Dr 
Watkins described for the dog, given some twelve hours before and four hours before 
anesthesia The m 3 ocardiaI irritability was registered by continuous Glectrocardiograpli 3 
during intratracheal intubation Appro\imatcl 3 one third of these patients demonstrated sub 
stantial evidence of mjocardial irritabilit) during intratracheal intubation This was com 
pared with a control group of patients prepared in cxactlj the samo way, premedicated in the 
same wa 3 but without somatotrophm One third of these patients also demonstrated sub 
stantial m 3 ocardial irritabilit 3 It was therefore our conclusion that in tlic normothermic 
Imman being, somatotrophm lias no significant elTect on suppressing m 3 oeaidial irntabilit} 

DR CLARENCE W LILLEHEI, Minncapobs, Minn —In relationship to Dr DeWalPs 
presentation, the biochemical and plosiologic responses m these first 80 patients to undergo 
total by pass, utilumg tho bubble oxjgenator, have been studied in detail in order to acquire, 
if possible, a working knowledge of the numerous features unique to this field of surger}, since 
it has been readily appaient to us for some time that progre'»s in this field of cardiac surger} 
has become possible largely through increased knowledge of physiologic mechanisms 

To date, at tho Umvcisit} of Minnesota Hospitals, 1^4 patients have undergone a total 
by pass procedure for various types of latracardiac lesions These perfusions were performed 
b} means of controlled cross circulation (45 patients), the arterial reservoir (5 patients), the 
biologic (dog lung) oxygenator (14 patients), and the artificial (bubble) ox 3 genator This 
bubble type oxygenator, consisting of a simple disposable unit sterilized by autoclaving, has 
been utilized for the last 80 intracardiac operations in infant*?, cluldren, and adults It is our 
expectation based upon tlus experience that this simple and efficient t 3 pc of pump oxygenator 
will accelerate the wide application of open intracardiac surgery in a manner comparable to the 
way m which the endotracheal tube accelerated the development of mtrathoracic suigery 

After the initial learning phases of these operations, both tho results and the risks of 
open heart surgery appear most closely related to certain patient factors This will be 
brought out in a moment in the summary of our results with closure of ventricular septal 
defects 
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Five, repeat, five copies of each abstract must be sent to Miss Ada Hanvey, 
Administrative Assistant, The American Association for Thoracic Surgery, 600 
Soutii Kingshighwaj^, St. Louis 10, Missouri. 

Those on the program are reminded that papers presented at the meeting 
must be handed to the secretary immediatelj’’ after their presentation. If they 
are not ready at that time there is a chance that they will not be published in 
The Journal op Thoracic Surgery. 

Motion Picture Session 

Provisions have been made to show a limited number of motion pictures to 
be selected on a competitive basis. The films themselves, together with descrip¬ 
tive material concerning length of presentation, etc., must be received by Dr. 
Karl P. Klassen, The Ohio State University, Columbus 10, Ohio, before Dec. 15, 
1956. 

It is planned to run the motion pictures in a smaller room at the same time 
as the scientific sessions. If the films are well labeled, it will not be necessary 
for the author to be present for comment. 

Applications for Membership 

Applications for Associate Membership in the Association must be I’eceived 
by the hlembership Committee not later than Dec. 15, 1956, othenvise the appli¬ 
cation will be deferred for consideration until the 1958 meeting. 

Applicants must be sponsored by three Active or Senior Members of the 
Association. In addition to the signatures on the application form, the sponsors 
will forward a separate letter concerning the applicant directly to: 

Dr. 0. T. Clagett 

Chairman of the hlembership Committee 
Mayo Clinic 
Eochester, Minn. 

Sponsors are reminded that new letters of recommendation must be for¬ 
warded to the Membership Committee should their applicants be held over for 
reconsideration a second year. The new letters of recommendation should also 
be sent to Dr. Clagett, the Chairman of the Membership Committee. 
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TRACIIEAL RECONSTRUCTION 
JoHv JI Kfshisiii^n, 51 D '' (b\ inmtvtion), Brivn Bi>.ides, 51 D j** 
AVvbHINGTON, D C , AND EdW \RD J Bf \1TIE, Jr , 5! D ,** 

CiiicvGO, III 

G EUCK niul ZelloC aio cieditcd with the fiist imestigntions concoinmg 
tiacheal icconstiaction Tlio tiachcal lings of dogs weic scieicd and 
anastomosed saecossfullv In 1884,’ Kucstci iemo\od a stiiotnie of tlio human 
tiachea and lopaiied the defect sucecssfiill} Dniing the lattoi pait of the 
iiiiieteeiith and eaih twentieth eentuiics, seeondan closuie ot tiaoheostomies 
was often lequiied in patients who had suisned diphtheiia and lequiied 
tiaeheostoms as a lifesaMiig measnie’ Vaiious methods weie utiliml, faseia 
01 skin flaps weie often used, as well as siippoiting caitilagmous giafts and 
metallic piostheses 

It has been established that in most cases eaih appioMination of an incised 
trachea will be successful Naeli and Rothman desciibe piimarj sutiue of the 
trachea aftei knife wounds with satisfaetoij lesults Successful leanastomosis 
ot the eeiMcal tiaeliea, aftei dnision and lesection in dogs, has been lecoided 
bi Slaisel and Eingwall ’ In some instances, segments as laige as 2 5 cm weie 
lemoied In a senes of 12 animals, tlicic was one instance of postopeiatne 
stenosis Peigiison and his associates,’ in the study ot pnmaiy tiacheal anastomo 
SIS, concluded that when stenosis, following lepaii, did not exceed one thud of 
the oiiginal lumen, theie weie no distiessing symptoms If, howeici the 
stenosis occluded the tiachea to one iouith of its noinial ciicumfoiciice, stiidoi 
and lespiiatori infection would follow 

Laige defects of the tiachea, mxolvmg substantial loss of tissue, sometimes 
pieeliide primaiy end to end anastomosis Eeigusoii found that in dogs, if 

Read at the Thirty sixth Annual Meeting of The American Association for Thoracic 
Surgery at Miami Beach ria May " to 9 195f 

•From the Department of Surgery The George Washington Uni\ersity School of Medicine 
Washington D C 

••From the Department of Surgery the Presbyterian Hospital of the City of Chicago 
and the University of Illinois College of Medicine (Rush) 
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tension was sustained on the severed ends, some length could be added, par¬ 
ticularly if the procedure Avas done in stages. This technique, hoAvever, does 
not appear to he applicable in the human being. 

The feasibility of primary suture of the trachea or bronchi has been estab¬ 
lished both experimentally and by clinical experience. The contributions of 
Paulson and ShaAv,"* Abbott® and BiktalAd® and their co-Avorkers, in excising 
stenosed portions of the tracheobronchial tree and reanastomosing to conserve 
lung tissue, haAm been of great importance. Scott’s^ case of primary suture of 
the trachea, folloAAung laceration by a broken Avindshield, is important since 
the patient Avas liAung and Avell tliree years after surgical repair and, although 
the trachea had been completely severed, there Avas no abolition of the cough 
reflex. 

Large tracheal defects Avith circumferential loss of tissue present a more 
difficult problem and must be repaired Avith some material Avhich Avill be aii*- 
tight, semirigid, and not be rejected by the body. Combinations of cartilage, 
skin grafts, and fascia haAm been used suecessfAilly in small defects but are 
rarely adequate Avhen the defect is large. 

Gebauei'® has made many important contributions in the use of reinforced 
dermal grafts to replace small stenotic lesions of the membranous portion of 
the bronchus. Penton and Brantigan® have employed Auable pedicle flaps to 
cover larger defects, and Gibbon^® has used a portion of costal cartilage 
Avrapped in pleura for the same purpose. 

A great Amriety of prostheses have been studied for the repair of tracheal 
defects. Daniel’s^^ investigations proved that tubes of Vitallium, stainless 
steel, and glass Avould temporarily proAude an airAvay. Longmire^* has re¬ 
ported the use of a Lucite tube joined to the tracheostomy tube. This 
prosthesis Avas removed ten and one half months later. The airway did not 
remain patent, hoAvcAmr, and it Avas necessarj’- to reinsert the prosthe.sis for an 
additional six months. Jaiwis^® describes the use of a stainless steel tube after 
resection of the trachea for a cylindroma. The tube remained clean and patent 
for eighteen months, but the patient died from massive metastases. ClagetP^ 
has studied the use of polyethylene tubes as an aiinvay over Avhich the resected 
ends of trachea or bronchus Avere anastomosed. This procedure, in general, 
Avas unsatisfactory. One of the great difficulties Avas the loss of the cough 
reflex (Tables I and II). 

Bucher and eo-Avorkers,^® Belsey,^® Bob and Bateman,^^ and Edgertoffi® 
have inAmstigated the feasibility of metallic meshes for tracheal reconstruc¬ 
tion. Belsey has also studied the use of a Avire coil Avrapped Avith host tissue, 
for tracheal and bronchial replacement. 

Accumulated data on these investigations and our oAvn experiences indi¬ 
cate that if it is necessary to use a prosthesis, the metallic meshes haAm certain 
distinct advantages. 

These materials have enough rigidity to maintain the curvature, arc, and 
lumen necessary for tracheal reconstruction, but do not haA^e the disadAmntages 
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Tabu: I 


AUTHOR 1 

YFAR 

1 PnoCEDORE i 

RESULTS 

Gluck and Zeller 

38S1 

Incision and anastomosis of 
trnolica (dog) 

Good 

Knestor 

1884 

Excision, stricture of trachea and 
anastomosis (human being) 

Successful 

Scott 

1928 

Primary suturing of inci'icd 
trachea (human being) 

Good 

Nach and Kothman 

1043 

Primarj' suturing of incised 
trachea (human being) 

Good 

Mai'spl and Dinpuall 

1950 

Exci‘«ion of short segments uith 
anastomosis (dogs) 

Stenosis (1 case) 

Goliaupr 

1930 

Bcinforced dermal grafts for 
bronchostenosis 

Consonation of lung 

Daniel 

1948 

VitalHum, stainless steel mesh, and 
glass 

lifo long-term succps«:es 

Longmirc 

1048 

Lucito prostheses 

No follow up 

.Tar^ i*! 

1951 

Stainless steel tube 

Death from metastases 

Bob and Bateman 

1049 

Stiiinless steel and tantalum mcsli 

Satisfactory result 

Bolsey 

1950 

Wire coil 

Satisfactory result 

Bucher 

1931 

Stainless steel mesh 

Satisfactory result 

Edgorton 

1952 

■\Vire mesh 

Satisfactory result 

Paulson and Shaw 

1955 

Plastic operations 

Conservation of lung 

Abbott 

1955 

Plastic operations 

Conservation of lung 

Bikfalri 

1955 

Plastic operations 

Conservation of lung 


Table H. 

E.'CPnrjMENTAL Data 

TYPE OF REPAIR 

\ RESULTS 

Preserved tracheal homografts 
Diced cartilage molds 

Lucite tubes 

Steel wire coils 

Tantalum and stainless steel mesh 

Liquefaction, necrosis, stenosis 

Liquefaction, necrosis, disruption 

Angulation, granulation, tissue olistruction 
Temporary support 

Best rc'«ults at present 


of a truly rigid tube. The lueslics may be covered with .skin or fascia, if neces- 
■sary, and most important, the mesh structure provides a bridge for the lining 
of the prostheses with the host tissue. 


EXPERIMENTAL DATA 

The experiments on tracheal reconstruction were begun at the George 
Washington University in 1949, and involved the following: tissue grafts, Lucite 
tubes, hollow bones, steel wire coils, tantalum and stainless steel mesh.® 

Tissue Grafts .—The first experiment included the removal of segments of 
the cervical trachea, six rings in length, in 10 dogs, irith replacement of the seg- 
ments with preserved trachea. The tracheal grafts were preserved in modified 
•steel mesh obtainable from Unltefl Surgical Suppilea Company. Mamaroneck, N.'®^ 

'y 
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Tyrode’s solution with antibiotics and maintained at minus 4'^ C. No graft was 
older than 14 days. The fate of the homograft was determined by sacrificing the 
dogs at certain intervals (Table III). 

ft 

Table III. Tracheal IIomografts 


DOG NUMBER 

1 DAA'S SURA’IYED 

1 CAUSE OP DEATH 

AU-4 

1 

Tension pneumothorax 

AA’’-!! 

8 

Not much wrong (sacrifice) 

A'V-Q 

7 

Pneumonia 

AAV-3 

34 

Stenosis, pneumonia 

AW-1 

25 

Pneumonia 

AAV-013 

26 

Pneumonia 

AX-19 

1 

Distemper 

AX-22 

3 

Distemper 

AY-042 

1 

Killed because of anoxic paralvsis 

AY-043 

1 

Never regained consciousness 


The homografts, after one week, seemed to be well healed but, in the period 
of three weeks, there was beginning liquefaction and necrosis (Pig. 1). In one 
animal, which lived 34 daj's, there was a stenosis causing death. Our residts 
Avere similar to the findings of Ferguson and his co-workers and, accordingly, 
further studies Avith homografts Avere abandoned. 

In a second group of 9 animals, the use of cylinders of diced cartilage Avas 
studied (Table W). The method of Peer^® Avas emploj-ed. Four costal 
cartilages Avere diced and placed in a mold of heavj’, stainless steel mesh Avith 
a glass tube in its center. The ensemble Avas then implanted into the rectus 
sheath of a dog. Three months later it Avas remoAmd and the mesh dissected 
from the cartilage (Fig. 2). After remoAml of the glass tube, the holloAv 
cartilage Avas trimmed to the desired length. These cylinders Avere composed 
of a mixture of 50 per cent homologous and 50 per cent autogenous cartilage. 


Table W 


DOG NUMBER 

1 AGE OF GRAFT ) 

SURVIVAL TIME 

BB-067 

Diced Cartilage 


BC-086 

— 

— 

BC-085 

126 days 

Died, 6 days, empyema 

Died, 14 days, pneumonia 

BE-0107 

113 days 

BT-311 

50% Domologoas — 50% Autogenous Cartilage 

Good mold discarded — 

BT-300 

Mold liquefied 

— 

BD-331 

Not transplanted 

— 

BU-333 

150 days 

Sacrificed in 120 days for study 

BD-334 

Incisions opened up in 2 days 



Later, completely axAtogenous cartilage Avas tried. These cartilaginous tubes 
Avere placed in the ceiwical trachea after removal of several rings. The experi¬ 
ment Avas a total failure; although the diced cartilage maintained its integrity 
in the rectus sheath, it liquefied AA'hen transplanted to the trachea. The com¬ 
binations of homologous and autogenous diced cartilage not only failed in the 
rectus sheath, but Avere totally unsatisfactory after being placed in the trachea 
(Pig. 3). 

Luciie Tubes. _ Since there has been considerable Avork Avith Lucite tubes, 

only 3 animals Avere studied AAuth this material. A portion of the cervical 
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tracliea was excised and a Lucite tube of similar diameter was telescoped into 
the two ends and held in place by sutures around the trachea and tube. These 
prostheses were satisfactory in maintaining a noneollapsible airway, but the 
animals died of pneumonia from 3 to 9 weeks following the operation. At 
post-mortem examination, the prostheses were found in place, held to the 
trachea with fibrous tissue. In 2 of the 3 animals, a portion of the trachea had 
telescoped over the tube and undergone necrosis. There was no gross evidence 
of respiratory epithelium lining the prostheses, but there was a moderate 
amount of granulation tissue between the ends of the trachea and the tube. 
Distal tracheobronchial segments were filled "vvith purulent mucoid secretions. 
These experiences are similar to Daniel’s, who demonstrated that solid tubes 
of Vitallium, glass, and stainless steel were unsatisfactory because the animals 
died of pneumonia and sufEoeation. Stenosis does not occur, or is late, because 
angulation is prevented with the rigid prostheses (Table V). 


Table V. Tracheal Keconstruction AVith AVire Spring (Entire Circumference) 


DOG NUMBER 

1 SURVIVAL TIME IN DAYS \ 

CAUSE OP DEATH 

BO-191 

5 

Pneumonia 

BO-184 

88 

Pneumonia 

BE-2o7 

25 

Pneumonia 

BL-3 

11 

Empyema, lung abscess 

BU-330 

22 

Pneumonia 


Steel Wire Coils .—Coils Avere Avound, from No. 28 stainless steel AAore, into 
various diameters. In 5 dogs, five segments of the cerAocal trachea Avere re¬ 
moved and the steel Avire coil inserted into the defect (Fig. 4). In 2 cases, 
the coil Avas placed in the thoracic trachea and covered Avith a full thickness 
skin graft. In the remaining 3 animals, the coils Avere inserted into the cervical 
trachea Avithout the skin graft covering. Three animals died betAveen the first 
and third Aveeks, 2 of pneumonia and one of empyema and lung abscess. The 
remaining 2 dogs Ibrnd one month and 3 months, respectively. Pneumonia 
and distemper Avere the cause of death in both animals (Fig. 5). 

At autopsy there was no evidence of respiratory obstruction. There Avas 
no excessive granulation tissue about the anastomotic line. The springs were 
found lying free Avithin a fibrous tube. Microscopic sections shoAved fibrous scar 
tissue Avith inflammatory reaction. Only scattered respiratory epithelial cells 
could be identified. 

Experiences of others and our own observations justify the conclusion 
that the amount of tissue loss will predict the success of the repair. Experi- 


Table VI. Tracheal Eeconstruction 
180 Degrees Posterior 
Stainless Steel Mesh 


DOG NUMBER 

DURATION OF SURAHVAL 
(DAYS) 

FINDINGS 

CM-853 

90 

Sacrificed; clean mucosa 

CO-929 

82 

Sacrificed; clean mucosa 

CO-936 

1 

Detacliment of graft, put in too tightly 

CN-903 

76 

Sacrificed; clean mucosa 

CO-935 

27 

Stenosis 

CP-954 

63 

Sacrificed; clean mucosa 
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ments wore then designed to determine the effect of the amount of the cireum- 
ference of the trachea which had been resected (Table VI). 

To study this problem, pvostheses were placed in the trachea after 180 
degrees of circumference was removed for a distance of five to seven tracheal 
segments. In one half of the animals, the anterior portion of the organ was 
excised; in the remaining dogs, the posterior one iialf was removed. Steel 
wire coils were employed as prostheses. In animals subjected to resection of 
the cartilaginous portion of the trachea, the membranous tissue was tacked out 
laterally to maintain normal tension. The muscles of the neck were sutured 
around the steel coils. Three of the animals died during the second to the sixth 
week—one from subcutaneous emphysema, one because the coil was dislodged, 



Fie- 4 —Roentgen appearance of wire coll In cervical trachea of dog. 
Fie 5. —Appearance of trachea and coil three months after insertion 


and the remainder from pneumonia. In animals that died prior to one month 
postoperatively, and in animals sacrificed during the same period of time, there 
was no erddence of respiratory distress. In the dogs which survived 70 to 120 
days, or were sacrificed during this time interval, respiratory epithelium could 
be demonstrated in the cylinder. The points of contact between the steel 
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spring and tracliea, liowever, were devoid of respiratory epithelinin. The 
findings were identical for the series of animals subjected to the rei)air of the 
anterior and posterior halves of the trachea. 

It became apparent that the steel coil spring was not a satisfactory 
prosthesis. Accordingly, further observations were made employing tantalum 
and stainless steel meshes. Koontz’s-*’ original stud.v of these two metals in con¬ 
nection with inguinal heiaiia repair is similar to our impression that tantalum 
causes more tissue reaction than stainless steel. IMoreover, steel meshes pro¬ 
vide more rigidity with less tissue reaction. 

Mesh Prostlieses .—Mesh Avas employed in the followmg manner: (1) re¬ 
placement of the anterior, cartilaginous portion of the trachea, (2) replace¬ 
ment of the posterior membranous portion, and (3) replacement of the entire 
circumference of the trachea. In all instances, six tracheal segments Avere 
removed and the mesh placed in the defect.' 

Replacement of the Cartilaginous Portion of the Trachea. —Five dogs AA^ere 
subjected to the resection of the anteilor poilion of the trachea. The longest 
suiwiAml Avas for 14 Aveeks. The remainder of the animals Avere sacrificed after 
one month. In every instance it Avas possilfic to demomstratc that normal 
respiratory epithelium i-egenerated over the mesh and lay on tlic fibrous con¬ 
nective tissue AA'hich had groAvn through the interstices of the mesh. In several 
cases there Avas sufficient contraction of the fibiuus tissue AA’ith constriction of 
the mesh AAdiieh could have ultimately caused obsti'uction. Su])sequent clinical 
experiences have made this observation of considerable importance. The 
respiratory cpithcliixm Avithin the mesh aa’os pink, glistening, and smooth 
(Table VII). 


Table VII. Tkacue.al Recoxstkuctiox 
180 Degrees Axterior 

Coiled Steel Wire, Tantalum Mesh, Stainless Steel Mesh 


DOG NUMBER 

DURATION OF SURVIVAL 
(DAYS) 

FINDINGS 

CG-079 

19 

Coil dislodged; obstructed 

CE-553 

98 

Distemper 

CH-583 

91 

Sacrificed 

CG-571 

98 

Stenosis 

CA-494: (Tantalum) 

62 

Infection 

CG-580 (Tantalum) 

22 

Sacrificed 

CT-137 (Steel me.s!i) 

70 

Sacrificed 

CV-232 (Steel mesh) 

43 

Sacrificed 


The regeneration of respiratory epithelium aauos equallj^ satisfactory in 
animals AAuth posterior and anterior resection of the trachea. It is important 
to emphasize, hoAA^ever, that potential or actual stenosis Avas much more com¬ 
mon AAdien the anterior portion of the trachea Avas resected. This has an im¬ 
portant clinical application (Figs. 6 and T). 

Reiilacement of the entire circumference of the trachea gaA’e the poorest 
result. TAA^elve dogs AA^ere used in this experiment; none lived over 52 days. 
In most cases, death aa^s due to gradual stenosis of the prostlieses. It is 

* Stainless steel mesh in the original animal experiments was supplied by Davis & Geek, 


Inc. 
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intoiesting, llo^^e^o^, that in llicse animals ticqucnt bionelioscopic exaniina 
lions loiealod dtan miKos.i Mith no giamil.ition oi ulcciation These findings 
indiented that the gauge ot the nipsh to he emplo-ve'd should be detoiniincd hj 
the amount ot ciieiimhieiilial damigo Small difcets aic host tieated Mith 
tlio finei meshes Laigii ones lequiti Iienui, nioie iigid piosfhoses Subso- 
finent tspeiienees Mith stainhss steel mesh lioth in the hihoiatoij and in 
liiiinan cases lent leiified thest ohseieations (Tallies VII and VIII) 



riff C—Tmtalum mesh prosthesis anterior Note bent mesh and incomplete tissue healinff 

Tnentj two dajs 


r\niF TiAciiLM Recon sTRuciiov 

3G0 Dcri hi s 
TWIAIUM \\D SlLFI 


DOO NUMBEr 

1 PUPATION OI SOPMWI 

1 (I>V\S) 

1 FINDINGS 

Cl GOO 

2 

Stcnosi-. duo to licnding ot prostliesis 

CG 57 G 

o 

Nothing wionK 

CT 612 

27 

Stenosi'? due to bending of prosthesiis 

CJ 617 

16 

Infection of tinrlicn, wiie detached 

CL 798 

42 

Stcnosi*- 

CL 802 

21 

Stenosis 

CL 156 (Steel) 

1 

Blood clot, bronchu*^ 

CQ 1 (Steel; 

52 (died) 

No autopsy 

CV 288 

S 

Stenosis 

C^ 235 

12 

No lutopsj 

CV 230 

1 

Le il eel 

DI 831 

1 

Le ihed 


Coiiolation of CNpeiimcntal obser\ations clinical expediences aie 
ictorded in the follo^Mng: case icpoits It has been established that caily 
pumaij sutiuc of tiachcal defects is the tieatment of choice Thcie aic, ho^\- 
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ever, cases in which prostheses must be emploj’-eci to restore eontinuity of the 
organ. If it is impossible to reconstruct the trachea or a major bronchus Avith- 
out the aid of a prosthesis, it appears that stainless steel mesh is the most 
desirable available material. 

When reconstruction is being considered, one must assess the lesion in this 
fashion; (1) Site—cervical or thoracic trachea, anterior or posterior wall of 


A. 



B. 

Fig. l.—A, Stainless steel mesh, posterior wall. Eighty-trvo days. B, Specimen opened 
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the tiachcn. (2) Extent—cither the entire or paitial circumfcienco of the 
tiaehca imolvetl, ami (3) -whethci loss of substance exists. In this manner, 
the (Icgiec of success of tlie leconstiuction maj* be picdictccl 

Table IX shows a senes of 9 eases, outlining the salient featuics of each 
case Representative cases fiom this series nill be more fully desciibecl as 
follows 


Tabte IX. Tkaciieae Pfiaii: 


CASE 

T^PE OF IFSION 

SITE 

JXTfNT 01 

I FSIOV 

T\rE 01 REpAia 

RESULT 

1 

Inflammatory 

stricture 

Thoracic portion 

8 ein long; 

270 degree 
circumference 

Coiled spring 
steel 

Died post 
operatively 

2 

Self inflicted 

Cervical trachea 

270 degree loss 
of substance 

Stainless steel 
mesh 

Good 


Poly poid mass 

Thoracic portion 

3 cm , 270 
degree cir 
euniferencc 

Stainless steel 

imsh, No 48, 
lined 

Died, delayed 
hemorrhage 

t 

Automobilo 
n( cident 

Cerv le it trucUca. 

Coiuplote see 
tion of 
cervicnl 
trachea; both 
recurrent 
nerves injured 

Stainless steel 
mesh 

Failure 

s 

Automobile ac 
eidont, lacora 
tion with 
stenosis 

Thornoe portion 

270 degrees 

and 

transverse 

jcpair 

Good 

G 

Automobile nc 
ridciit, laccra 
tion With 
stenosis 

Thoracic por 
tion, lower 
third 

180 degrees 

Incision and 
transverse 
repair 

Good 

7 

Inflamiuatorj 

stenosis 

Right main stem 
bronchus, 
middle lobe 
orifice 


Resection, 
nuddle lobe, 
incision and 
repair of 
bronchus 

Excellent 

8 

Fracture with 
stenosis 

Cervical trachea 

ISO degrees, 

4 rings 

Stainless steel Excellent 

mesh 

9 

Recurrent ear 
cinoma 

Right bronchial 
stump 

Excision, stump, Excellent 
stainless steel 
mesh covered 
with fascia 


CASE REPORTS 

Case 1—A 42 year old Xegro Moman was admitted to the George Waslungton Uni 
versxtj Hospital on Jati 24, 1951 She was transferred from another hospital because of seiere 
stridor and dyspnea The obstruction to the trachea was evident A harsh whistle accoin 
pamed each inspiration with audible expiraton wheezes Bronchoscopj, bronchogrnphv, 
and laminograms established a stenosis of the trachea from below the Tocal cords to just 
above the carina 

The patient was operated upon Jan 29, 1951 (E J. B ). A collar incision was made 
with a vortical extension over the sternum The sternum was split longitudmall}. After the 
trachea was exposed, it was evident that the cartilaginous rings fiom the level of the cords 
to the canna were destroved. A second incision was made in iT.fArannr'A 

for better exposure An endotracheal tube was passed into the 
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througli a sliort incision above the carina. The stenosecl portion of the trachea was re¬ 
sected. This measured 8 cm. in lengtli. Tlie prosthesis of spring steel covered with fascia lata 
was placed in the defect. 

Examination witli the bronclio.scope inimediatelj- after the operation showed a satis¬ 
factory lumen. The patient tolerated the operation well, and repeated endotracheal 
aspirations were performed to keep the airwa^' clear. The patient died two days later. 
The lumen of the prosthesis was adequate; however, the entire trachea and major bronchi 
were tilled with thick, tenacious secretions. Both lower lobe bronchi showed severe 
bronchiectasis. 

A proximal tracheostonij- .should have been performed, not only for control of secre¬ 
tions but for reduction of dead air space. This was not possible because the prosthesis 
started just below the larynx. 



A. B. 

Pig. 8.— A, Case 1, showing coii and fascia lata covering at autopsy. B, Case 1. Specimen 

opened showing tiiick tenacious secretions. 


Case 3.— A. 45-year-old Negro man was admitted to the District of Columbia General 
Hospital on Oct. 20, 1952, for the third time. All admissions had been the result of chronic 
respiratory tract infection. In the course of the hospital woik-up, a bronchoseopic examina¬ 
tion revealed a polypoid lesion in the mid-trachea, which was biopsied and reported to be 
squamous metaplasia. The patient was treated with antibiotics and bronchodilators. 
There was no improvement on medical therapy-. Per.sistence of this polypoid lesion, which 
was increasing in size, was considered an indication for surgical intervention. 

On Dec. 2, 1952, the patient was operated upon. A collar inci.sion was made with a 
vertical component down over the sternum. The trachea was exposed in the neck and bj- 
splitting the sternum, additional exposure was gained below. The trachea was mobilized 
and elevated by using two large tissue drain slings. A small incision was made into the 
left lateral wall of the trachea. The tumor was seen at the point of incision in the trachea. 
A segment of trachea, 2 by 3 cm. in size, involving the posterior wall and the left antero¬ 
lateral wall was excised. The defect was covered with a piece of No. 40 stainless steel 
mesh. A split-thickness graft was used for the lining of this mesh and the entire ensemble 
was stitched into place. The new segment was airtight. After the chest had been closed, 
a proximal tracheostomy was performed in the cervical trachea. 
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The postoperntne tour'<e fnirh smooth oml tht patient soon np nnd about 
the A\'\rd (Tip ‘^) The trnchi.ostom\ tube 1 emoted on the fifteenth postoperati\e 

dn\ The patient complained occnsioimlh of u sciitd^ •'Oii'^ntion in his throat nnd on 
occasion coiiphed up some frotln, blood '•treated sputuii On the morninp; of the twentieth 
postoperative dav, the patient had a fatal licmoplvsi« 

Antopsv revealed that although the mesh v\ i^* mtul and in place, a small, roughened 
portion had eroded the wall of the innominate arterv 

In sub«;equcnt vvoik, a difTercnt si/( mesh has l(tn ust.d and caieiul attention given 
to the preparation of the hem to ensure against niiv r ugh or pre finding edges 



Tiff 9 —Case 3 Mesh in place 

Case 5—A 31 year old Arinj coiporal nas injuu 1 in in automobile accident on Get 
20, 1952 Among other injuries, he sustained a frarturr i sti iiiuni, with a laceration of the 
tTichca just above tbe earina He was admitted to a Statu n Hospital and a right hemo 
pneumothorax with subcutaneous emphjscma was shown on i loentgenogriin The piticnt^s 
svmptoms subsided rapidli nd tlte lung griduillj recxpandol However, on Nov 2, 19^2, 
the patient ag iin complained of rcspiratorj diftieultv bronchoscopv performed at that 
time revealed a laceration of the tracliea, involving two thirds of the cireunifeience, from 
11 to 7 o’clock, just above the cirmi A small flip of miuosa could be scon, which had a 
to and fro motion on respiration Traeheostomj vias perfoiiiud whiih alleviated the respira 
torj distress On Nov 7, 1952, during anothei bout of nspiratorj distress, tianosis and con 
vulsions occurred The tracheostomj tube w la removed and a bionchoscopv was performed 
through the tracheostomy The bronchoscopj revcaltil an irea of stenosis at tlie site of jn 
jury, about 2 inches above the carina Granulition tissue could 1 e seen at this site It was 
necessarv to inipiovise a long tracheostomj tube, winch w is then passed dnwai bejond tlic 
site of injury 

The patient was transfeired to the Walter Reed Armj Hospital, where bronehograms 
revealed a constriction of the trachea at the previouslj described site Since no progress 
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through a short incision above the carina. The stenosed portion of the trachea was re- 
sected. This measured 8 cm. in length. The prosthesis of spring steel covered with fascia lata 
was placed in the defect. 

Examination with the bronchoscope immediately after the operation showed a satis- 
factoiy lumen. The patient tolerated the operation well, and repeated endotracheal 
aspirations were performed to keep the airway clear. The patient died two days later. 
The lumen of the prosthesis was adequate; however, the entire trachea and major bronchi 
were filled with thick, tenacious secretions. Both lower lobe bronchi showed severe 
bronchiectasis. 

A proximal tracheostomy should have been performed, not only for control of secre¬ 
tions but for reduction of dead air space. This was not possible because the prosthesis 
started just below the larynx. 



A. B. 

Pig. 8.— A, Case 1, showing coil and fascia lata covering at autopsy. B, Case 1. Specimen 

opened showing thick tenacious secretions. 


Case 3.—A 45-year-old Negro man was admitted to the District of Columbia General 
Hospital on Oct. 20, 1952, for the third time. All admissions had been the result of chronic 
respiratory tract infection. In the course of the hospital work-up, a bronchoscopic examina¬ 
tion revealed a polypoid lesion in the mid-trachea, which was biopsied and reported to bo 
squamous metaplasia. The patient was treated with antibiotics and bronchodilators. 
There was no improvement on medical theraiiy. Persistence of this polypoid lesion, which 
was increasing in size, was considered an indication for surgical intervention. 

On Dec. 2, 1952, the patient was operated upon. A collar incision was made with a 
vertical component down over the sternum. The trachea was exposed in the neck and by 
splitting the sternum, additional exposure was gained below. The trachea was mobilized 
and elevated by using two large tissue drain slings. A small incision was made into the 
left lateral wall of the trachea. The tumor was seen at the point of incision in the trachea. 
A segment of trachea, 2 by 3 cm. in size, involving the posterior wall and tlie left antero¬ 
lateral wall was excised. The defect was covered with a piece of No. 40 stainless steel 
mesh. A split-thickness graft was used for the lining of this mesh and the entire ensemble 
was stitched into place. The new segment was airtight. After the chest had been closed, 
a proximal tracheostomy was performed in the cervical trachea. 
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The i)ostopornti\c cour‘>e ^\a*< fairly omootli and the patient was soon up and about 
tlio ward 0). The traehco'^toiiij tube was rcmo%cd on the fifteenth postoporativ'c 

day. The patient complained occa*<ionulh of a scratch's sensation in his throat and on 
occasion couphed up some frothy, blood-sticakcrl sputum On the morning of the tssoiitietli 
postoperative day, the ]tatient had a fatal hemoptssis. 

Autopsy revealed that although the mesh uas intact and in idace, a small, roughened 
portion had eroded the isnll of the iniionniiate nrton 

In subsc(iuent ^^orh, a difTerent ••be mesh has been used and caieful attention given 
to the preparation of the hem to ensure against any rough or protruding edges. 



g —Case 3. Mesh In place. 


Case 5._A 31*ycai*old Army coijioral was injured in an automobile accident on Oet. 

20, 1952. ^\jnong other injuries, he sustained a fractured sternum, with a lacoration of the 
trachea just above the tarma. He was admitted to a Station Hospital and a right hemo- 
pneumothoruK with subcutaneous cmphjsema was shown on a locntgcnogram. The patient^s 
symptoms subsided rapidly end the lung gradually re evpanded. However, on Nov. 2, 1952, 
tlie patient again complained of respixatorj difficulty. A bionchoscopy performed at that 
tune icvealed a laceration of the trachea, imohmg two thirds of the circumforonce, from 
11 to 7 o’clock just above the caiina. A small flap of mucosa could be seen, winch liad a 
to-and-fro motion on respiration. Ti acheostomy was pci formed which alleviated the respira 
tory distress. On Nov. 7, 1952, during another bout of lespiratoiy distress, cyanosis and con¬ 
vulsions oeeuned. The tracheostomy tube was icinoved and a bronclioscopy was performed 
thiougU the tracheostomy. The bronchoscopy re\calcd an aiea of stenosis at the site of in¬ 
jury, about 2 inches above the caiina Granulation tissue could be scon at this site. Tt was 
necessary to improvise a long tiacheostomy tube, which was then passed down beyond tlio 
site of injury. 

The patient w'ns transterred to the "Walter Heed Army Hospital, whore bronchograms 
revealed a constriction of the trachea at the previously described site. Since no progress 
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in the patient’s condition was evident, it was decided to attempt a plastic procedure on 
the trachea for correction of the stenosis. 

On July 9, 1953, through a right thoracotomy, the carina was mobilized. An elliptical 
piece of trachea, involving the stenotic portion ^\as resected. The defect was then repaired 
transversely over the indwelling endotracheal tube. The postoperative course was smooth. 
However, in August, 1953, the patient developed nausea, fever, and loss of weight. In 
addition, respiratory distress again developed. It was necessary to reinsert the long 
tracheostomy tube, do^vn past the site of the previous operation. Bronchoscopj' revealed that 
the previous site of repair had again stenosed so that the lumen was markedlj' decreased 
(Fig. 10). Through the bronchoscope, with a biopsj' forceps, small pieces of the strictured 
portion were removed, until an adequate lumen was obtained. A tracheostomj' tube was 
reinserted and left in place for a few days. After the tube vas icraoved, the respirations 
were smooth and the patient was gradually able to resume ward duties without difficulty. 



Pig. 10.—Case 5. Lateral view of stenotic trachea. (Retouched by author.) 


A bronchogram at the time of discharge from the liospital revealed an adequate 
lumen. This illustrates how a small difference in the internal circumference of the trachea 
permits comfortable breathing. 

Case 8.—A 19-year-old Negro male college student was admitted to the George Wash¬ 
ington University Hospital for elective repair of a traumatic stenosis of the trachea. 

In August, 1955, the patient was involved in an automobile accident, sustaining lacera¬ 
tions of the neck and trachea. An emergency tiacheostomy was performed at a nearby 
hospital. When the patient had recovered from his immediate shock, three separate elective 
attempts were made to repair the tracheal stenosis. However, in each instance it was 
necessary to abandon the procedure and reinsert the tracheostomy tube. 

Bronchoscopy performed at the George Washington University Hospital was tech¬ 
nically difficult because the larynx was distorted from its usual position. Approximately 
5 cm. below the vocal cords, the tracheal lumen suddenly narrowed to about 3 mm. in 
diameter. It was possible to pass a right-angle telescope through the stenosis and the 
distal trachea was normal in appearance. A tracheogram confirmed this (Fig. IIA and B). 

On Sept. 28, 1955, operation was performed. A flexible endotracheal tube was passed 
down through the tracheostomy for administration of anesthesia. A long, vertical incision 
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WHS inado from the promincuco of the cricoid cartilage to the suprasternal notch. Tlie 
tissues in the area ^\c^e ditHcult to dissect because of dense scar. After the trachea liad been 
oxposod, four damaged tracheal rings could be seen. They were crushed and deformed. 
The anterior half of the trachea, involving the deformed cartilage, was resected and the 
stenotic, area rcmovtnl. An cndotraclie.al tube was then inserted from above. A previously 
prej)ared piece of No. 40, stainless steel mesh was fashioned and rolled to fit the arc and 
contour of the trachea. (Fig. llC). It w;w fitted into place over the defect and sutured, 
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Pig IID—Front and lateral Me\\s shoeing absence of stenotic zone and mesh in satis 

factory position 
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the tnche-vl defect «Drc fi-eslicned A sl.citli of So 4I> 'ifo'n'i'-’ Preinrcd, 

similar to the onpruial prosthesis It ms ]il icc.l oicr the defect and oRsin sutiiied into 
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seien days Because of the preiious heloid fornialioii, am iiiadiation p, „„ 

patient’s hospital course ins entireh sitisfnitori and he nas ilisihargcd to re ii i 
He returned for a follon up eanniination in Apiil, 1 ‘'jC md tin re i\ is no ^ 
respiratory distress iloreovcr, no recnrrenco of the 1 eloid foim 



724 


KESHISIIIAN", BLADES, AND BEATTIE 


I. Thoracic Sutr. 
December, 1956 


A successful repair, using the same technique A\dth a stainless steel mesh 
prosthesis, was performed more than five years ago. The patient has no respira¬ 
tory difficulty. In this particular case, the second operation was necessary be¬ 
cause of compression of the mesh prosthesis by excessive keloid formation. 

A combination of heaAder mesh and x-ray irradiation to reduce keloid 
formation was followed by a satisfactory result. 

SUMM/\RY 

Experiments Avere carried out, in dogs, to study the problem of tracheal re¬ 
construction. Tissue grafts, steel AA'ire coil, and tantalum and stainless steel 
mesh were used. The results Avere not satisfactory Avhen rigid prostheses Avero 
used and Avhen the entire circumference of the trachea AAms replaced. Hoav- 
CAmr, if only the anterior Arall or the posterior Avail of the trachea Avas re¬ 
placed, the incidence of stenosis Avas decreased. Stainless steel mesh, because 
of its tissue acceptability, its flexibility and incorporation by the body tissues 
appears to be a satisfactory prosthetic material. 

Nino cases of tracheal reconstruction are presented, in Avhieh stainless 
steel mesh Avas used as a prosthesis in 5. A steel coil spring prosthesis was 
used in one, and plastic procedures to restore continuity sufficed in 3. In one 
case, the use of a stainless steel prosthesis Avas a failure, in another death oc¬ 
curred after erosion of a great vessel. 

Experimental and clinical CAddcnce indicate the supeilority of stainless 
steel mesh for a tracheal prosthesis. 

CONCLUSION.S 

Whenever possible, suturing of tracheal defects should be performed. 

The lesion should be assessed carefully. 

If a prosthesis is required, stainless steel me.sh is recommended. 

Simple plastic procedures are satisfactory for short, stenotic segments. 

Proximal tracheotomy is mandatory when a prosthesis is used. 
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DiSCUSbION 


DR DAMD H llATERAfAN, Ivnowille, rtuu—I ri e to report a case of extonsi\e 
tracheal damage in ^\hlch tho repair fnilel T1 o latieat was a 20 > ear old girl in whom 
m automolnlo accident lnJu^^, tracheotome aiil sulstijunt infection resulted in a 360 
degree destruction of the traclica for a dist ui e of ' <nj il oto the canna Soeeral months 
after the accident, uhtu she i\as sent to »■* i repiir ua effected M excising essentially 
tho entire stenotic loy\er trachea and insoriio). a skin < vered and lined stainless steel 
mesh tube Tho patient did well for ten da\ and then d e' from a torrential hemorrhage 
from erosion of tlio lunonunatc artery, which h 1 1 apparentl 1 ca considerably weakened when 
it was dissected out of the mass of scar tissue 

Certainly the problem of ovtensne sfcti sj such ns til's case illustrates, is a vorv 
serious one I sliould like to congratulate t1 c authors 1 ot! uu tlicir presentation and tlioir 
results 


DR OSLER ABBOrr, Enior^ Lm^trslt^ Ga—I too w),h to compliment the excel 
Iciico of this presentation There aro four so ill points I wish Iwell upon 

First, in a recent attempt by us to rcmo\o tho entire innei 1 mng of the trachea through 
out its length for diffuse papillomatosis we were impre 'Jcd with the value of a full length 
sternal splitting incision Temporary transect on of the innomaiite yem and liy pass graft 
for the innominate artery y\ould then nlloyy excellent access to the lower trachea and canna 
Second, I yyi«ih to present to this Associatioi i folloyr U] of the work presented here two 
'Oars ago rolatiyc to extending the indications for bronelual grafts In the first place, the 
dornml grafts used in the trachea and bronchi of two children have continued to grow with 
the children for & period iiott of fne and seien :years, respeetivclj In the second place, 
'le reported the use of grafts in patients with carcinoma of the lung There have been 4 
patients treated b} lobectomy with dermal grafting, and one radical right pneumonectomy 
'vith excision of considerable trachea, the canna, and some of the left mam stem 
tironchus All 0 of these patients are still suryiving yvithout eyidonce of recurrence for 
periods now of IS, 25, 30, 34 and 38 months No delated stricture or other complication 
has occurred in this small patient group 

rnmlh, yyo have been interested m the Papanicolaou studies on the sputum and 
hronchial secretions of patients with dermal bronchial grafts In one instance, suspicions 
colls listed as Class III and Class IV haye appeared repeatedly for eight months following 

lobectomy and grafting for a carcinoma m situ 

X . . A- 11 ofitflies of patients treated yyith Gebauer 

In summary, then, our long term folJoyy up studies or puic 

f^'po dermal grafts confirm our initial optimism regarding tins procei ure 

dr ALLEN STBANAHAN, Albanj, N A—I^ouM lAc 
(slide) Ihis else illustrates what the authors haic '’“f“ 
steel mesh dermograft to replace the tracheal defect, but in a i i 
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A successful repair, using the same technique with a stainless steel mesh 
prosthesis, was performed more than five years ago. The patient lias no respira¬ 
tory difficulty. In this particular case, the second operation was necessary be¬ 
cause of compression of the mesh prosthesis by excessive keloid formation. 

A combination of heavier mesh and x-ray irradiation to reduce keloid 
formation was followed by a satisfactory result. 

SUMMARY 

Experiments were carried out, in dogs, to study the problem of tracheal re¬ 
construction. Tissue grafts, steel wire coil, and tantalum and stainless steel 
mesh were used. The results were not satisfactory when rigid prostheses were 
used and when the entire circumference of the trachea was replaced. ITow- 
ever, if only the anterior wall or the posterior wall of the trachea was re¬ 
placed, the incidence of stenosis was decreased. Stainless steel mesh, because 
of its tissue acceptability, its flexibility and incoi-poration by the body tissues 
appears to be a satisfactory prosthetic material. 

Nine cases of tracheal reconstruction are presented, in which stainless 
steel mesh was used as a prosthesis in 5. A steel coil spring ])rosthcsis was 
used in one, and plastic procedures to restore continuity .sufficed in 3. In one 
case, the use of a stainless steel prosthesis was a failure, in another death oc¬ 
curred after erosion of a great vessel. 

Experimental and clinical evidence indicate the su]5criority of stainless 
steel mesh for a tracheal prosthesis. 


CONCLUSION.S 

Whenever possible, suturing of tracheal defects should be performed. 

The lesion should be assessed carefull\. 

If a prosthesis is required, stainless steel mesh is recommended. 

Simple plastic procedures are satisfactory for short, stenotic segments. 
Proximal tracheotomy is mandatory when a ])rosthesis is used. 
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BjSCUS'-ION 

DR. DAVID II. WATBRMAK, Knovyille, Tcnn—I riho to report .t case of txt<n‘-ne 
tracheal darnnpo in nhieh the repair failed. Ihc patient uas a 20je'irold fjirl in yrhom 
an automobile ne« jdeut injury, trarhootoni}, and ‘'ub^rpient infedioa re-'iilt^d in a 200 
degree destruction of tlie trachea for 1 dist‘in«e of 7 cm aboyc the larnn Several month« 
after the accident, y\hen “lie uns sent to u“, a repair «ns circeted by excising e«sfntjally 
the entire stenotic loyycr trachea and inserting a “kinroxered and lined stninless Fktl 
mesh tube. The patient did yycll for ten days, and then dud from a torrential hemorrlngc 
from erosion of the innominate nrtcr.y, uhieli Inid aiipanntl.y Inea consider iblv yyeaVemd nhm 
it uas disocelcd out of the niasg of «ear tissue. 

Certainly the problem of ottcnpiye stenosis, “uch as this case illustrates, is i y^rv 
serious one. I should bhe to congratulate the authors loth on their itrL''ini‘itir>n and thnr 
results 

DR O^LBR ABBOTr, Binory University, G i —J too yyi-^h to (ornplimcnt the excel¬ 
lence of this presentation. There are four small points I '\jsh to dy\oil upon 

First, in a recent attempt bv uh to remove the rnlin inner bnuig of the trachea through 
out Its length for dilTuso papillomatosis, y\e were impn 'fd vMth tin value of a full length 
sternal splitting incision. Temporary traiiscetion < f the innoniiinte vein and 1 v jiass graft 
for the innominate artery yyould then allow cxccllcnf uenss to the lower trt'^hia and carina 
feocond, I vvisli to jiroscnt to this Association u 1 dlo« op *'f 'he v"orK pri'-rnfcd iicre two 
years ago relative to extending the indications for bromliml gnfts In flic first place, the 
dermal grafts used m the trarhia and bronchi of Iv'O e!iildr<n hive coatiniud to grow with 
the children for n period now of five and hcvcii y^»rw, rrsj,e (iveJv In the second place, 
yye reported the use of grafts in patients vyilh 'ar< uioma of tlic lung Thero have been 4 
patients treated by loboi tomv with dernml grafting, and one r.nliual right pneumonectomv 
excision of considerable trachea, the euum, and i-omr of the left mam stem 
hronchu-* All fi of these patidits are still hurviyrng without .uidcnee of recurrence for 
periods now of IS, 25, 30, 3*, and 38 nioiilhs delojid stn-turo or other romplieation 
a^ occurred in this small patient group 

Iiaall^, vve have heoii interested in tho BipunuolafUi studies on the sputum and 
hroiichial secretions of patients with dermal broii.lud grafts In one instance, suopicioiis 
cells listed as Clas<? Ilj class TV have apprarul rijn itrdh for eight months following 
eetomj nnd grafting for n carcinoiita in situ. 

In summary, then, our long term follow iiji Htinlos of patients treated vMth Gelnuer 
JTe dermal grafts confirm our initial optimibin ngarding this jiroccdiire 

DR. ALBEK feTRANATIAN, Albiinj, N. V.—X would like to present one case, 
stc 1 ’^’***® illustrates what the niithorfl have described. We used a stainless 

0 mesh dennograft to replace the tracheal dcDct, but in addition wc feci it is importaiil 
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to emphasize the fact that in reinfoicing’ tlie giaft a pleuioi^eiio^^toal flap slioulcl be used 
aiound the stainless steel mesh. This SS-yeai-old patient piesented heiself nith tlic usual 
symptoms of cough and lAheeze. At opeiation the trachea was isolated, a longitudinal 
opening was made in the membranous portion of the tiachea to identifj the extent of the 
tumor in this aiea of the tiachea. 

(slide) The tumor-bearing tiacheal mucosal ling Mas dissected in this mannoi. Heie 
you see the endotracheal tube. 

(slide) The stainless steel mesh derniogiaft Mas applied using interiuptod fine silk 
sutuies. To help pi event the hazaids of this stainless steel mesh from eroding the sur¬ 
rounding vessels, a pedicle flap of peiiosteum fioin the chest Mall and pleiiia and siir- 
loiinding mediastinal tissue M’as used to encircle the graft. To date, some thiee or four 
months folloMing operation, the patient is doing quite M-ell. 

DE. K. ALVnS’’ iMEEEA'DIXO, Seattle, AVash .—\\c too have had some experience 
M'itli these methods in human beings. 1 Mould like to speak paiticulaily on the ex'peri- 
niental appioach. A feu Aeais ago, Dr. Kinluk and I M'eie interested in tantalum mesh 
as a substitute for excised segments of the trachea. This, in oiii hands, proved unsatis¬ 
factory for total circumferential leplaccinent. The pioblem of rcpbicenient in both trachea 
and esophagus is that of finding a material that is sufficiently film .so tliat it is not com¬ 
pressible, and yet not so hard that it Mill eiodc adiacent ti'-sue. 

Becently my associate, Di. .Tohn E. .Tesseph, has been MOiking M'itli Ivalon sponge 
molded to shape, into mIucIi he has incoipoiated fine Lucite rings to simulate tracheal 
rings. This piosthesis is held in place In a nonsutuie method, similai to the inultiple- 
point fixation method tliat Dr. Ilufnagel used foi his piosthetie aoitic valve. In our opinion, 
at the piesent time, this is the lest mateiial mo ha\c yet utilized in tracheal ieplaccnient. 

DE. 0. T. CLAGETT. Eochester, Minn.—I ha\e en.ioied this paper on tracheal recon¬ 
struction very much. One aiiplication of tiacheal ie«eetion and leconstiuction that should 
be discussed further concerns it« use in the treatment of tracheal tumors. In a lecent study 
one of my colleagues, Di. F. H. Ellis, .Ti., lepoited a seiios ot ‘12 eases of tiacheal tiiniois 
seen at the Mayo Clinic. These aie not common lesions, but they do merit our inteiest. 
Some xeais ago. Dr. .1. Giiiullay and I earned out some lathei extensive studios in the 
expeiimental laboratory tiying to deielop techniques foi the lesectioii of tracheal lesions. 
Using the techniques we had worked out in the laboratory, I liave up to the present time 
operated upon 4 patients Mith tiacheal tuniois. In the fust, a cylindroma of the loner 
trachea and light bronchus Mas lemoved, and the left mam bionchus Mas connected to the 
trachea by' a poly thene tube. This patient died of pneumonia of the left lung approxi¬ 
mately one M'eek aftei opeiation. In a second case, a polythene tube Mas used to leplace 
a segment of trachea removed for a piimary squamous cell carcinoma of the tiachea. This 
patient died of nietastases tno y'eais later. In 2 jiaticnts, cyliiidionias of the tiachea neie 
lemoved by local excision and lepaii of the tiacheal defect was made by a wire leinfoiced 
fascial graft. One patient died of recanent tiinioi ovei two years later, the other patient 
was still alive and well vvlion last lieaid fioni about four yeais aftei opeiation. 

Tlieie is a definite need for methods of leseetioii and leconstiuctioii of the tiachea for 
a vaiiety of lesions. Dr. Keshishian, Di. Blades, and then associates aic to be congi atulated 
on the results they have had. I believe that some tyqie of plastic prostliesis, such as Dr. 
Meieiidino has described, will pi oxide an excellent means for tracheal icconstiuction. 
Anesthesia and adequate oxygenation of the patient duiiiig operation have oll'eied difficul¬ 
ties in our experience. I am hopeful that with some ot the extiacoiporeal ciiculation 
machines that are now being used suecesstiilly foi caidiac suigeiy, it Mill be possible to 
obvdate these pioblems and that it will be possible to resect and leconstiuct the tiachea 
without having to vvoiiy about aiiway and oxygenation pioblems dining the procedure. 

DE. BEATTIE (Closing).—We would like to thank tlie discussants for theii contiibu- 
tions to this paiticular piobloni, and we want to point out tliat theie aie as yet many un¬ 
solved pioblems. Ceitainly leplacement of the entile tiachea, although it is technically pos- 
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1955.^ To these we now feel obligated to add a size restrietion so that our 
material can be correlated with that of other authors. 

1. The nodule must be 6 em. or less in diameter. Larger nodules bave been 
included only if previous roentgenograms show the lesion to have been smaller 
than 6 cm. when originally detected. 

2. The nodule must be solitary, although small satellite lesions may be 
present. 

3. The nodule must appear, to lie within pulmonary parenchyma ■svith 
aerated lung around it. A relatively minor pleural component has not been 
considered grounds for exelmsion; neither has its proximity to the hilus, pro¬ 
vided the lateral roentgenogram shows the nodule to lie anterior or posterior 
to the hilus. Obvious hilar, mediastinal, diaphragmatic, and chest wall masses 
have been excluded. 

4. Its shape is round or ovoid. Lobulations if present must be minimal. 

5. Its margins are circumscribed and its contour is smooth. Extreme 
sharpness of outline has not been required. 

6. There is no demonstrable calcium nor cavitation within the nodule. 

7. There is minimal if any associated pneumonitis, atelectasis, or regional 
lymphadenopathy. Although the majority of these patients have been asymp¬ 
tomatic, an absence of symptoms has not been required for classifleation under 
the heading of solitary iutrapulmonary nodule. 

Terminology .—There has been considerable diversity of opinion as to what 
to call these lesions. Wo originally suggested the term solitary intrapubnonary 
tumors and many variations of the same idea have been proposed; solitary lung 
tumors,’ isolated pulmonary nodules,' single, circumscribed, intrathoracic densi¬ 
ties,' circumscribed discrete pubnonary lesions,® circumscribed solitai-y lung 
lesions,' asymptomatic isolated intrathoracic nodules,’' solitary circumscribed 
lesions of the lung,” solitarj- circumscribed intra-tboraeie radio-opacities,” 
solitary pulmonary lesion,” spherical lesions of tlie lung,” asj’mptomatie isolated 
pulmonary nodule,” solitary discrete pulmonary densities,” circumscribed 
peripheral shadows of the lung,-” nodular densities in the lung,” etc. 

The complete lack of uniformity is confusing and undoubtedly is partly 
responsible for the way in which the term "coin” lesion” has gained such 
popularity.”"” To our mind this is a poor compromise and we have so ex¬ 
pressed ourselves previously.” As Riglcr points out it “is commonly mis¬ 
called a ‘coin’ shadow but actually represents a spherical nodule.”” Holt 
and Hodges even go so far as to refer to it as “that odious term 'coin 
lesion.’ ”” Agreeing in point if not in degree, we prefer to call these lesions 
solitary pulmonary nodules. 

Historical Highlights .—Graham and Singer” are generally credited with 
the first series of resected solitary pulmonary nodules. Their report, published 
in 1936, concerned three partially calcified benign lesions that wex'o suspected 
preoperatively of being tumors. No specific etiology was established for any 
of the three, two being obvious gi-annlomas by present-day standards and the 
other in all probability a bronchogenic eyst. 
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1955.^ To these we now feel obligated to add a size restriction so that our 
material can bo correlated unth that of other authors. 

1. The nodule must be G cm. or less in diameter. Larger nodules have been 
included only if previous roentgenograms show the lesion to have been smaller 
than G em. when originally detected. 

2. The nodule must be solitaiy, although small satellite lesions may be 
present. 

3. The nodule must appear, to lie w-ithin pulmonai-y parenchyma rvith 
aerated lung around it. A relativelj' minor pleural component has not been 
considered grounds for exclusion; neither has its proximity to the hilns, pro¬ 
vided the lateral roentgenogram shows the nodule to lie anterior or posterior 
to the hilus. Obvious hilar, mediastinal, diaphragmatic, and chest wall masses 
have been excluded. 

4. Its shape is round or ovoid. Lobulations if present must be minimal. 

5. Its margins are circumscribed and its contour is smooth. Extreme 
sharpness of outline has not boon required. 

6. There is no demonstrable calcium nor cavitation within the nodule. 

7. There is minimal if any associated pneumonitis, atelectasis, or regional 
lymphadenopathy. Although the majority of these patients have been asymp¬ 
tomatic, an absence of symptoms has not been required for classification under 
the heading of solitaiy intrapulmonaiy nodule. 

Terminology .—There has been considerable divorsit.v of opinion as to what 
to call these lesions. AVe originall.v suggested the term solitary intrapuhnonary 
tumors and many variations of the same idea liave been proposed; solitary lung 
tumors,® isolated pulmonary nodules,' .single, circumscribed, intrathoracie densi¬ 
ties,’ circumscribed discrete pulmonary lesions,' circumscribed solitary lung 
lesions,' asimiptomatie isolated inti'athoi-acic nodules,'” solitary circumscribed 
lesions of the lung,” solitary circumscribed intra-thoracic radio-opacities,” 
solitary pulmonary lesion,” spherical lesions of the lung,” as 3 'mptomatic isolated 
pulmonary nodule,'® solitary discrete pulmonaiy densities,'® cii’cumseribed 
peripheral shadows of the lung,-” nodular densities in the lung,'® etc. 

The complete lack of uniformity is confusing and imdoubtedly is partly 
responsible for the way in which the term “coin” lesion'® has gained such 
popularity.""” To our mind this is a poor compromise and we have so ex¬ 
pressed ourselves previously.’* As Rigler points out it “is commonly mis¬ 
called a ‘coin’ shadow but aetuall}' represents a sphcncaJ nodule.’”® Holt 
and Hodges even go so far as to refer to it as “that odious term ‘coin 
lesion.’ Agreeing in point if not in degree, wo prefer to call these lesions 
solitary pulmonary nodules. 

Historical Highlights .—Graham and Singer” are genorallj' credited ivith 
the first series of resected solitary pulmonary nodules. Their report, published 
in 1936, concerned three partially calcified benign lesions that were suspected 
preoporatively of being tumors. No specific etiology was established for any 
of the three, two being obvious granulomas bj' present-daj- standards and the 
other in all probability a bronchogenic cyst. 
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loss'* To these ^\e now feel obligated to add a size lestiictioii so that oui 
mateiial can be con elated ivnth that of othei authois 

1 The nodule must bo G em oi less in diametei Lai gei nodules haie been 
included only it pieiious loentgenogiams show the lesion to liaio been smallei 
than 6 cm m hen ongnially detected 

2 The nodule must be solitaiy, although small satellite lesions may be 
ineseiit 

3 The nodule must appeal to he iiithin pulmonaiy paieiichjma -with 
aeiated lung aioiiiid it A i datively miiioi pleuial component has not been 
consideiod giounds foi exclusion, ncithci has its pioximity to the lulus, pio 
Mded the lateral loentgeiiogiam shows the nodule to lie aiitciioi oi posteiioi 
to the hiliis Obvious hilai, mediastinal, diaphiagmatic, and chest wall masses 
have been excluded 

4 Its shape is loiiiid oi ovoid Lobulations if piesent must be minimal 

5 Its maigins aie ciroumseiibcd and its contoiii is smooth Extieme 
sharpness of outline has not been icqiuicd 

C Theie is no demoiistiable ealciuni noi caiitation within the nodide 

7 Theie is minimal if any associated pneumonitis, atelectasis, oi logional 
lymphadenopathy Although the majority of these patients ha\ e been asymp 
tomatie, an absonco of symptoms has not been lequiied foi classification under 
the heading of solitaiy intrapulmoiiaiy nodule 

Teimmology —Theie has been consideiable dneisitv of opinion as to what 
to call these lesions AVe originally suggested the term solitaiy intiapuhnonarv 
tuniois and many sanations of the same idea have been proposed, solitaiy lung 
tumois,® isolated pulmonaiy nodules,® single, ciieumseiibed, intiathoraeic densi 
ties,' eiicumsciibed diseietc pulmonaij lesions® ciicumsciibed solitary lung 
lesions,® asymptomatic isolated intrathoiacic nodules,*” solitary eiicumsciibed 
lesions of the lung,** solitarj eiicumsciibed intia thoiacic ladio opacities,*" 
sohtaiy pubnonaiy lesion,*® spheiical lesions of the lung,** asjTiiptomatic isolated 
pulmonaiy nodule,** solitary discrete pulmonary densities,*” eiicumsciibed 
peripheral shadows of the lung,** nodulai densities in the lung,'® etc 

The complete lack of uniformity is confusmg and undoubtedly is paitly 
responsible for the way in which the tcim “coin” lesion*” has gained such 
popularity ®” ®® To oui mind tlus is a poor compr omise and n e have so ex 
pressed ourselves previously®* As Rigler points out it "is commonly mis 
called a ‘com’ shadow but actually icpiesents a spherical nodule ”®” Holt 
and Hodges even go so fai as to rcfei to it as “that odious term ‘coin 
lesion ’ ”®” Agreeing in point if not in dcgiee, we prefer to call those lesions 
solitary pulmonary nodules 

Historical Highlights —Graham and Singer®' are generally credited with 
the first series of lesected solitary pulmonary nodules Their report, published 
in 1936, eoneeiiied three partially calcified benign lesions that were suspected 
preopeiatively of bemg tumors No specific etiology was established for any 
of the three, two being obvious granulomas by piesent day standards and the 
other in all probability a bionchogemc cyst 



THE SOLITAEY PULMONARY NODULE 
A Ten-Year Study Based on 215 Cases 

Edgar ^Y. Davis, M.D., J. Wintfirop Peabody, Jr., M.D., and Sol Katz, M.D. 

AVasfiington, D. C. 

I N 1946, one of ns (E. W. D.), impressed by the general unconcern about the 
small solitary pulmonary nodule and particularly distressed by the late 
stages in which so many of these patients were being referred for operation, 
initiated a study of our own exjierienee with these lesions. In the original 
group of 40 patients reported in 1947,^ the malignant 2)roi3ortion was in¬ 
ordinately high and the need for earlier resection was clearly shown. Ten 
years later, although still short of ideal, the situation is a happier one with 
patients operated upon sooner, often in the asymptomatic phase, thanks to a 
wider appreciation of the hazards inherent in the unresected nodule. The 
radiologist has come to regard it as a diagnostic impasse. An increasing num¬ 
ber of practicing physicians, still too few unfortunately, have become aware 
of the grave responsibility they assume in handling this lesion and are now 
reliFctant to propose a program of observation. Thoracic surgeons are uni¬ 
formly agreed on the advisability of prompt diagnostic thoracotomy. Even 
.so, we continue to see a regrettably large number of neglected nodules and the 
problem instead of being resolved has reached tremendous ijroportions due to 
the more liberal use of routine and survey chest roentgenograms. It is cer¬ 
tainly the most common single indeterminate pulmonary lesion that we see in 
surgical consultation and at least one radiologist has referred to it as the most 
urgent problem facing the radiologist today.- 

Purpose .—To date the main theme of all papers on this subject pertains to 
the malignant propensities of the group as a whole and the lack of significant 
radiographic distinctions other than calcification to differentiate the benign from 
the malignant nodule. One purpose of this paper is to re-emphasize this fairly 
trite aspect of the problem, but equally important questions remain unanswered, 
and it is with these issues that this survey is primarily concerned. Chief among 
these are (1) survival rates of patients with resected bronchogenic carcinoma 
which presented as a solitary pulmonary nodule; the influence of time factors, 
.symptoms, and mediastinal node involvement upon survivorship; (2) reliability 
of calcification within the nodule as an indication of benignity; and (3) re¬ 
appraisal of the etiology of the so-called tuberculoma. 

Definition .—Cases have been selected on essentially the same radiographic 
criteria laid down in 1947^ and utilized in our subsequent reports in 1950® and 

From the Departments of Thoracic Surgery and Medicine, GarBeld Memorial Hospital 
and Georgetown University School of Medicine. 

Read at the Thirty-sixth Annual Meeting of The American Association for Thoracic 
Surgery at Miami Beach, Fla., May 7 to 9, 1956. 
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1955 ‘ To these we now feel obligated to add a size lestiictioii so that our 
mateiial eaii be eon elated with that of othei authois 

1 The nodule must be G cm oi less in diametei Laigei nodules have been 
included only if ptevious loentgtnogiams show the lesion to have been smallei 
than 6 em when ouginally detected 

2 The nodule must be solitaiy, although small satellite lesions may be 
piesent 

3 The nodule must appeal to lie avithin pulmonaiy paienehyma ivitli 
aciated lung aiound it A lelatively minoi pleutal component has not been 
eonsideied giounds foi exclusion, neithei has its pioximity to the hilus, pio 
vided the lateral loentgenogiam shows the nodule to lie antenoi oi posteiioi 
to the hilus Obvious hilai, mediastinal, diapliiagmatie, and chest avail masses 
have been excluded 

4 Its shape is round oi ovoid Lobulations if piesent must be minimal 

5 Its maigins aie oncumscnbed and its contoui is smooth Extieme 
shaipncss of outline has not been lequircd 

G Theie is no denioustiable calcium noi cavitation WT-thin the nodule 

7 Theie is minimal if any associated pneumonitis, atelectasis, oi legional 
lymphadenopathy Although the majoiity of these patients have been asynip 
tomatic, an absence of sjmptoms has not been icquiied foi classification under 
the heading of sobtaiy mtiapulmonaiy nodule 

Tettmnology —Tiieie has been eonsideiable diversity of opinion as to what 
to call these lesions We ouginally suggested the teiin solitaiy intiapulnionaij 
tuniois and many vauations of the same idea have been proposed, sobtaiy lung 
tumors,'' isolated pulmonary nodules,*' single, ciicumsciibed, intiathoiacie densi 
ties,' ciicumsciibed discrete pulmonary lesions* ciieuniseribed solitary lung 
lesions,® asymptomatic isolated intrathoiacic nodules,*® sobtaiy eiicumsciibed 
lesions of the lung,** sobtaij eircumscribed intia thoiacic radio opacities, 
solitary pulmonaiy lesion,** spherical lesions of the lung,** asjTnptoraatic isolated 
pulmonaiy nodule,*-' sobtaiy disciete pulmonaiy densities,*** eiroumsciibed 
peiipheial shadows of the lung,** nodulai densities in the lung,** etc 

The complete lack of uniformity is confusing and undoubtedly is partly 
responsible foi the way in which the term “com” lesion*® has gained siieh 
popularity*”** To oui mind this is a poor compiomise and we have so ex 
pressed ourselves jiieviously ** As Riglci iioiiits out it “is commonly mis 
called a ‘corn’ shadow but actually lepiesents a spheiical nodule ”** Holt 
and Hodges even go so fai as to refer to it as “that odious term 'coin 
lesion ’ ”*“ Agieemg in point if not iii degiee, we piefer to call these lesions 
solitary pulmonary nodules 

Htstoncal Highlights —Giahain and Singei*' are goneraUy credited with 
the first senes of resected sobtaiy pulmonary nodules Then report, published 
in 193G, CQiioeined three partially calcified benign lesions that were suspected 
pieopeiatively of being tuniois No specific etiology was established foi any 
of the three, two being obvious gianuloiiias by present day standards and the 
other in all pi obabibty a bronchogemc cyst 
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In 1942, Alcxandei'’® emphasized the threat of malignancy in solitary 
nodular lesions but he ob^dously had reference to much larger lesions than 
those we are now considering. The same is true of the report by Thornton, 
Adams, and Bloch,”' whose paper, like others appearing later,"’"'- set no 
restriction as to size or peripheral location of the tumor, hence should not be 
confused with the very precise lesion we are dealing with in this study. 

The evolution of our own interest in this problem has been mentioned in 
the introduction of this paper. The first published reports of a similar study 
were those by Effler, Blades, and Marks" and by O’Brien, Tuttle, and Perkaney,’" 
both in 1948. Many additional i-cports have since appeared. Those in which 
the speeifie pathologic diagnoses were tabulated irlus our own are presented 
in Table I."'*"’ Several papers arc not included in this 

tabulation because of an inadequate breakdown as to the kinds of nodules'"’ "" 
or because radiologic diagnoses were included.'”' 

Analysis of Combined Scries .—As Table I indicates, each series has included 
a significant number of malignant lesions, the military hospitals seeming to 
have a somewhat lower incidence,"’“ due no doubt to the younger ago 
group encountered. Surveying the entire combined series one finds that the 
malignant lesions make uj) 30.7 per cent of the total. Taking the bronchogenic 
carcinomas and bronchial adenomas together, which is amply justified by the 
malignant potentialities of the adenomas, the percentage of actual and 
potential primary carcinomas of the lung is almost exactly 30 per cent. Met¬ 
astatic tumors number 09, over one-half being concenti’ated in our series and 
two others.”’"" It would apiJcar therefore that the ehance of any solitary 
pulmonary nodule being malignant is almost 40 per cent; the ehance of it 
being a bronchogenic carcinoma, around 30 per cent. 

As one would anticipate the largest single pathologic entity in the com¬ 
bined series is the granuloma which comprises 41.0 per cent of all eases. Be¬ 
cause of the difficulty in determining which of the tuberculomas were tubercu¬ 
lomas in fact and not just in name, meaning positive identification of the 
organism, all granulonuis have been classified under this broad nonspecific 
term. Of the assorted benign tumors by far the most comnioii is the hamartoma 
totalling 100 in all (8.3 per cent) and, in one series,” amounting to IG per cent 
of the total. A wide variety of other nodules have been reported and will 
be discussed in detail later. One point requiring explanation is the extra¬ 
ordinarily high number of echinoeoeeal cysts included in the total group. This 
figure is quite out of proportion to the relative rarity of echinococcosis in this 
country and merely reflects the inclusion of Deans’ report” from Australia 
where the disease is endemic. The total number of cases in these combined 
series is 1,203, a figure large enough to correct for whatever slight differences 
may exist between different series in their selection of cases. Thus, the higher 
rate of malignancy introduced in some series by the inclusion of somewhat 
larger tumors shoidd be easily offset by the inclusion of calcified and cavitary 
lesions in other groups. 
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A.nali/sin of Our Own Sericn. —Out* ovv/i exx)ci'ionce i.s Ija.sed on 215 cfiKCH cacli 
ol. wliich lia« boon cai'ol.’itUy aoloolcd accordirif,' to tlio Htricfc radiologic criteria 
outlined ofirlloi', 5’lio,so are tabulated in 'I’ablc 11. The niate/'ial cov'cra a 
periofl Ji'otu 1942 through 1955, with a larger number oJ! caaoH occurring in 
each succeasive year, Theae ligurea do not repi'oaent the total number ol’ caaea 
aeon, i'or we have alwaya regarded the partially calcified nodule as relatively 
innocuous and iiave been coni out to observe a good number of them. We are 
firmly eonvijiced that the exclusio/i oil calcified mid cavita/y lesions from this 
series is what accounia for tlie somewhat higher ])ercentage oL‘ joalignancy in our 
group. i\s the Mayo Clinic group lias .shown, thc! percimtage of malignancy 
in their sin'iea rose from 55 jier cent to 42 per cent simply by dropping those 
nodules with radiographically demonstrable calcification. 
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Meta.static tumor 
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ifyperplastlc lymph nodii 


1 
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Total benign 
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Of our 215 patients personally operated upon, 101 f47 pei’ cent) had 
malignant lesions. Ten of theae were metastatic but the remaining 91 (42 per 
cent) were primary jnilmonary neoplasms. Nine were bronchial adenomas 
which, in keejiing with their malignant pro|)ensities, have been classified witfi 


the malignant tumors. The remainder Include 79 bronchogenic ca/’cinomas, 
one fibrosarcoma, one leiomyosarcoma, and one lymphoblastoma. 

Of the benign nodules more than two thirds were granulomas (see Table 
VIII). Wherever possible the tissue lilocks from these cases have been resec¬ 
tioned and meticulously studied by Ziehl-Neelsen, periodic acid-.Schif/', and 
rjridley stains. In this way it has been [JOHnihlo to establish a .specific etiology 
in four fifths of I he ca.ses. Ilistoplasma have been demonstrated in over one 
half of all granulomas so studied. Coccidioides were found in 5 cases and 
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tubeiele bacilli m 12 Two of the lattei cases actually lopieseiitod bloekecl 
tiibeiciiloiis caiities and V txiberculosis was easily lecoieicd in ciiltiue 
Despite evliaiistne exainmation, no oiganisms could be identified in 12 cases and 
these have been piopeily labeled nonspecific Tissue Mas no longei available 
in 15 cases and these aie classed simply as giaiiulomas 

Theie arc 17 benign tumois in the seiics The most common benign tumoi 
in oui gioup, and this has also been tiiic of combined lepoited series (see 
Table II), is the hamaitoma IVe ha\e evciscd 9 hamaitomas, 2 of them fioiii 
one patient in opeiations spaced fi\e jcais apait In oui expeiience, pleiiial 
niesotholiomas tieqiientlj’ gue the impiession ladiogiaphically of an intia 
pulmonaiy location On six occasions ue have opeiated foi solitaij piilinonaiy 
tumois oiilj to find mesotheliomas Eailiei in oui expeiiencc these weie 
classified as fibioinas Two intiapulmoiiaij ncuiofibiomas complete the list 
of benign tumois 

MALIGNANT RATIO IN DIFFERENT AGE GROUPS 


64 



—YEARS — 

Fig 1—Distribution of 215 solitary pulmonary nodules malignant versus benign 

Bronchogenie cysts weie encountered six times and 3 of these, all located 
in the light lowei lobe, pioved to be examples of bioncliopuluioiiaiy sequestia 
tioii 

In OUI figuies aio included seieial vague tjqies of inflammation such as 
cliioiiie pneumonitis, foui times, a ehioiue lung abscess, twice A eaiefiil 
search was made for an etiologie agent compatible Mith then indolent chaiaetei 
but none could be demonstiated One patient ivith lipoid gianiiloma is in- 
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eluded who has been reported elsewhere/^ The other patients represented 
unusual conditions, one with a hyperplastic lymph node in the periphery of 
the lung, another a healed tuberculous cavity filled with a “fungus ball,” the 
so-called “aspergilloma.” 


Table III. Age and Sex Distribution of 215 Solitary Pulmonary Nodules 








AGE, YEARS 



lesion 

TOTAL 

CASES 

men 

WOMEN 

20 TO 
29 1 

30 TO 
39 

40 TO 
49 

50 TO 
59 

60 TO 
69 ! 

70 TO 
79 

Bronchogenic carcinoma 

79 

64 

15 

__ 

9 

16 

30 

17 

7 

Bronchial adenoma 

9 

5 

4 

1 

1 

2 

3 

2 


Primary sarcoma 

2 

2 

— — 

__ 

__ 


2 


—— 

Lymphoblastoma 

1 

_ 

1 

_ 

1 

_ 

— 

_ 

_ 

Metastatic tumor 

10 

5 

5 

— ^ 

1 

4 

2 

3 












Total malignant 

101 

76 

25 

1 

12 

22 

37 

22 

7 

Granuloma 

82 

40 

42 

9 

22 

19 

19 

13 

0 

Hamartoma 

9 

5 

4 

1 

__ 

4 

3 


1 

Pleural mesothelioma 

6 

2 

4 


2 

2 

2 

_ 

_ 

Chronic pneumonitis 

4 

4 

_ 

-- 

_ 

2 

— 

2 


Bronchogenic cyst 

3 

1 

2 


__ 


2 

1 

— 

Bronchopulmonary sequestra¬ 
tion 

3 

1 

2 


2 


1 



Neurofibroma 

2 

2 


2 

-- 


— 

— 

-- 

Chronic lung abscess 

2 

2 

—— 

-- 

1 

... 

_ 

1 

— 

Lipoid granuloma 

1 

— 

1 

— 

— 

— 

— 

1 

— 

Hyperplastic lymph node 

1 

1 

-w 

— 

— 

1 

— 

— 

— 

“Aspergilloma” 

1 

1 

— 

— 

-- 

1 

— 

— 

” 

Total benign 

114 

59 

55 

12 

27 

29 

27 

IS 

1 


The age and sex distribution of our cases are indicated in Table III. The 
youngest patient was 20 years old; the oldest, 76. As one might predict, the 
patients with bronchogenic carcinoma were somewhat older than those with 
other lesions. However, the difference was not as great as in other series. For 
instance, in two reported series in which solitary nodules were subdivided ac¬ 
cording to age of the patient,”’ there was a total of 52 patients with broncho¬ 
genic carcinoma only one of whom was less than 40 years of age. In our group 
of 79 patients with bronchogenic carcinomas, 9 were in the 30- to 39-year age 
group, the youngest being 32. In keeping with reports of the type of broncho¬ 
genic carcinoma seen in young people,®^’ ®® there was a disproportionately large 
number of undifferentiated and adenocarcinomas, only 2 of the 9 being- 
squamous carcinomas. In the same age group, our series contains 3 other 
malignant tumors making a total of 12 malignant tumors as opposed to 27 
benign nodules in patients of comparable age. To us this is an extremely im¬ 
portant finding, for some have held that the chance of malignancy in solitary 
nodules in patients less than 40 years of age is practically nil. In our experi¬ 
ence the possibility of a nodule being malignant in the 30- to 39-year age 
group is almost one in three. In the 40- to 49-year age group the chance of 
malignancy was practically 50 per cent and it was substantially higher in the 
older groups. Patients with bronchial adenoma had essentially the same age 
distribution, although 2 of these, ages 27 and 30, represent the youngest 
patients with malignant tumors in this series. 
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The distribution of tJie benign lesions in tlic various age groups was lus ex¬ 
pected. TJie granulomas were fairly evenly distributed witli tlie ]arge.st number, 
22, occurring in tlic 30- to 30-year group. Of some signilieanee perhaps is the 
fact that in tlic 20- to 29-year group, a very Jiigh percentage of i)ationts,!) out of 
13, had granulomas. The oldest patient wlio had a benign tumor removed (a 
hamartoma) was a jiiaii aged 74. The remainder of the benign nodules uoiv 
too few in number and too evenly distributed to be of any slati.slical signif¬ 
icance. 

SOLITARY PULMONARY NODULES 
BENIGN 114 —MALIGNANT 101 



Out of tl,e entire 

even breakdown between'wlcn fd")” ‘‘‘i' 
of the bronchial adenomas t4 not i n i 

of 10 being women) and h i ^ (I 

--iSHExS. ' 7 ^"". 


)- 

jr 





736 


DAVIS, PEABODY, AND KATZ 


J. Thoracic Suffr- 
December. 1956 


broncliogenic carcinomas 64 out of 79 (81 per cent) were men. Needless to 
say, in any given case the patient’s sex is of no significance so far as the possi¬ 
bility of malignancy is concerned. 

The lobar distribution of the nodules, as shown in Fig. 2, was fairly even 
with no great dilference between the malignant and benign tumors. Since 
all eases represented circumscribed peripheral lesions, location likewise ap¬ 
peared to have no effect on prognosis. 

Symptoms, their presence or absence and their significance, are difficult 
to evahrate in the patient with a solitaiy pulmonary nodule. Most of our 
patients claimed to have no symptoms on initial questioning, yet upon close 
interrogation a number admitted a slight cough. Percentagewise this was a 
more common finding in the patient with bronchogenic carcinoma (Table IV). 


T..VBLE IV. SviipToiis Associated With 215 Soutaky PuLiioN^VRY Nodules 


LESION 

TOTAL 

CASES 

ASYMP¬ 
TOMATIC i 

COUGH 

HEMOP¬ 

TYSIS 

CHEST 

PAIN 

ARTHRITIS 

Bronchogenie carciuoma 

79 

42 

21 

8 

5 

3 

Bronchial adenoma 

9 

7 


1 

1 


Primary sarcoma 

2 

2 


_ 



Lymphoblastoma 

1 

1 

_ 


_ 

_ 

Metastatic tumor 

10 

8 

1 


1 


Malignant nodules 

101 

60 

22 

T 

7 

T 

Granuloma 

82 

73 

9 




Hamartoma 

9 

9 

_ 




Pleural mesothelioma 

6 

6 

_ 




Chronic pneumonitis 

I 

1 

1 

2 

_ 

_ 

Bronchogenic cyst 

3 


3 




Bronchopulmonary sequestration 

3 

3 

-- 

—— 



Neurofibroma 

2 

2 

_ _ 




Chronic lung abscess 

2 

1 

1 

_ 



Lipoid granuloma 

1 

1 

_ 




Hyperplastic lymph node 

1 

1 



__ 


“Aspergilloma” 

1 

— 

1 


_ 

_ 

Benign nodules 

111 

97 

15 

2 

— 

— 


It should be recognized, however, that 25 patients with bronchogenic car¬ 
cinoma were observed for periods ranging from one to eight years before 
being referred to us for surgical consultation. Of these, a certain number had 
been asymptomatic when the nodule was originally discovered but developed 
symptoms while under “observation” (Pig. 3, A and B). Other patients de¬ 
veloped symptoms after being told that their x-ray showed a pulmonary lesion. 
This was particularly true of chest pain which in many instances was of such 
a vague or fleeting nature that it was not considered worth recording. If on the 
other hand, the patient complained of clear-cut, persistent chest pain, as did 6 
patients in this series, it invariably indicated a malignant lesion. Actually 
from their subpleural location and rather constant evidence of associated 
pleural thickening, the granulomas might be expected to cause pain. The 
I^Iayo group^^ stated that, out of 65 patients with granulomas in their series, 
12 had some degree of chest pain. This has not been true in our experience 
and we cannot help but suspect that their report must have included instances 
nf inPfl momentarv nains that we tend to disregard. 
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Among oiu patients, hemoptysis n.is anothei symptom hniing diagnostic 
significance Eleven of oui patients had coughed up blood in vaiying qiianti 
tics, the spiitiini usually being only blood stieakcd Eight of these patients 




B 

Fig 3 —Serial roentgenograms of 3 patients with solitary pulmonary nodules neglected 
for prolonged periods of time A Despite a delay of almost three years before operation tliis 
patient is alive and ■well more than three years postoperatively e\en though the extent of 
tumor required excision of portions of the superior vena cava and trachea B, The second 
patient represents the more common situation wherein after a comparable delay the tunior is 
unresectable 

pioved to have bionehogenic caiemoma and anothei a bronchial adenoma, 
while among those with benign lesions, tlieie vveie only 2 patients with heniop 
tysis, both having a chronic nonspecifie type of pneumonitis One othei 
symptom was most dramatic when it occuired and ’ *^lii«^^iies was indicativc 
of a malignant lesion This was seveie arthm' ip oi 
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with associated clubbing of the digits. It is well known, of course, that such 
symptoms not infrequently are associated with bronchogenic carcinoma, and 
that they are much more commonly a.ssociated with peripheral lesions,““ espe¬ 
cially when there is pleural involvement.®’’ Three of our patients had severe 
arthi’algia and all 3 had bronchogenic carcinoma. One was invading the 
pleura, the other two were immediately subpleural in location. None of our 
pleural mesotheliomas were accompanied by pulmonary osteoarthropathy 
which is surprising, since this tumor is supposed to have the highe.st a.sso- 
ciated incidence of arthralgia and clubbing,®’' ®® although in total frequency, 
of course, it ranks second to bronchogenic carcinoma. In our experience, the 
occurrence of arthralgia in association with bronchogenic carcinoma has an un¬ 
favorable prognosis, all 3 of our patients with this finding now being dead. 

DIAGKO,STIC CONSIDERATIONS 

Ea.sily the outstanding characteristic of the solitary pulmonary nodule is 
the failure to e.stablish its nature by any means other than thoracotomy. We 
would be remiss, however, if no more than this were said. 

History .—The history is rarely of help in establishing a preoperative diag¬ 
nosis and may actually be quite misleading. Take, for example, the patient who 
has been known to have tuberculosis and subsequently develops a solitary pul¬ 
monary nodule. Although it may be tempting and certainly logical to pre¬ 
sume that it is tuberculous, blind adherence to a program of medical manage¬ 
ment can be disastrous in such a situation. A history of previous cancer 
surgery may also provide a clue to the etiology of the pulmonary lesion, al¬ 
though on occasion it will prove completely fallacious. This is well demon¬ 
strated in our series by 3 patients with a history of having had a malignant 
tumor elsewhere all of whom proved at operation to have primary broncho¬ 
genic carcinomas. As a general rule, however, one is perfectly right in in¬ 
ferring from such a history that the pulmonary nodule is a metastatic lesion. 
Even so, in any individual case it must constantly be borne in mind that the 
lesion in the lung may be unrelated to the malignant tumor elsewhere. I’his 
is especially true when the period of time between previous surgery and the 
detection of the pulmonary nodule is relatively long. 

Laboratory Examinations ,—Routine laboratory studies were of no diag¬ 
nostic value. Several authors have commented on the significance of an elevated 
sedimentation rate in these patients, one group feeling that, in the patient with 
neoplastic disease, the sedimentation rate is elevated often enough to be of 
serious import’’ while another group was unable to show a very prominent 
difference in sedimentation rates between those with benign and malignant 
disease.®^ As far as we are concerned there is no advantage in having sedi¬ 
mentation rates in these patients. 

Skin Tests .—Although we have found a perfect correlation so far between 
the positivity of specific skin tests and the identification of acid-fast bacilli, 
Histoplasma, and Coceidioides in resected granulomas, we have not found 
these tests to be of diagnostic significance preoperatively except when all are 



"fffative 

.5“'s-tei“'*■»"-is “>■ 

’ 2 s,SiS; ;f' 22 J 

i:Hifi?isi§i|ss| 

^i§l?S5SlHg 


^#SS£;&=5sS55::§S 

;,., •S'r.s--i:.~' ^X-.-sScr-'S;-i?;; 

;S#S^*53£i5gSS 

of ejtv, ‘""^’ oeeaj® ^'^^^UsA-i"*"® ®'®''far ^ of 

V.. ^ ''4jo«ee 



740 DAVIS, PEABODY, AND KATZ J. Thoracic Surg. 

December. 1956 

of a malignant lesion. In the management of the solitary pulmonary nodule, 
we have not been putting pi’ivate patients to the expense of cytologic studies 
of the sputum. 

Bronchoscopy .—One would hardly expect bronchoscopy to be of diagnostic 
value in a peripherally situated solitary pulmonary nodule. This proved true 
in practice and for the past eight years we have seldom seen an indication for 
bronchoscoping these patients, unless the lesion lies in the vicinity of the hilus. 

Roentgenography .—Inasmuch as this lesion is essentially a radiographic 
one, it is logical that the most elaborate attempts at diagnosis should be along 
roentgenologic lines. Many points deserve discussion. 

a. Size: Size somewhat influences the ratio of benign to malignant nodules in 
that the smaller nodule is more apt to be benign and the larger nodule more 
apt to be malignant but, in the individual case, size is no guide to the etiology 
or biologic activity of a nodule. For example, three bronchogenic carcinomas 
in OUT* series Avere 1 cm. or less in diameter when originally detected. TAventy- 
nine others Avere 3 cm. or less in diameter, Avhile 41 Avere betAveen 3 and 5 cm. 
in diameter, another 6 being 6 cm. in diameter. By comparison there Avere only 
4 granulomas that A\mre 5 cm. in diameter. As Fig. 4 illustrates, though, one 
can be badly deceived if size is used as a guide to management. Kegardless of 
size Ave feel that any solitary unealeified pulmonary nodiale should be excised. 



Pig. 4.—Roentgenograms showing the fallibility of size as a guide to diagnosis. The 
large 5.5 cm. nodule in patient A was a histoplasmoma. The small one cm. nodule in the 
left mid-lung field of patient B was an adenocarcinoma. 


b. Sharpness of margin: Again no rules can be established, for some of the 
benign nodules in our series have had someAvhat hazy borders just as some of 
the malignant ones have been perfectly smooth, round, and very sharply 
marginated. In general, hoAvever, the benign tumors did tend to have better 
defined borders, but the difference Avas slight even on a statistical basis. Most 
radiologists agree that it is impossible to differentiate benign from malignant 
nodules on the basis of size or margination and is no better demonstrated than 
in a comparison of some of the nodules included in our series (Figs. 5 through 9). 

e. TJmbilication of ynargin (“notch sign”): Attention has recently been 
directed to the value of an indentation or umbilication of the border of a 
solitary nodule as a sign of malignancy, the so-called “notch sign” of Bigler.®’'’ 
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Fig. 5. 

Figs. 5-3.—Comparative .\»ruys of nodules of similar size and location laut different eti¬ 
ology. Obviously, to attempt a clinical lUiterentiatlon between tbe benign and malignant 
nodules Is virtually Impossible. 
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It Iiub been impossible to aiialyxe this radiographic feature in our entire series, 
although we have seen at least 4 eases, all of them malignant, in which a “notch 
sign” was clearly seen. Less distinctive notches were seen in two granulomas. 
Bather than argue the reliability of this sign we iirefer to question its value as 
a guide to therapy, inasmuch as the cases in which it is positive usually rate 
excision anyhow. A truly practical rociitgeiiologie aid would be one that might 
spare the patient unnecessary surgery. 

d. Recent oiie/in: One feature strongly suggesting malignancy is the 
demonstration of recent origin of the nodule. This is contingent of course upon 
recent x-rays being available showing the appearance of the nodule within a 
matter of months. This is rarely possible but does eon.stitute good evidence 
of malignainn- when found. 



•Vronchosenic ca. ? 




Fie. 9. 


e. Growth; ^Vn enlarging pulmonary nodule is more apt to be malignant 
and even more so if the enlargement is rapid. Pig. 10 indicates the variabilitj' 
of this sign, however, as shown by rapid enlargement of a coceidioma within 
the space of two months as compared with no greater enlargement of an adeno¬ 
carcinoma of the lung ti-anspiring over a two-year span. It is really amazing how 
imperceptible may be the growth of carcinomas over a prolonged period. One 
of our patients with an undifferentiated bronchogenic carcinoma i)resentcd a 
nodule that did notyippear to enlai-ge during eight years of preoperative 
obsenation, then began to show radiographic evidence of concentric enlarge¬ 
ment There was no evidence in the specimen of an underlying adenoma nor 
any pie-existing inflammatory process, nothing but undifferentiated carcinoma. 
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Obviously then, one can be deluded by an apparently stable lesion and we 
would prefer to have x-rays showing no change going back at least five years 
before we would agree that observation should continue. The real indictment 
of a prop’ani of “watchful waiting,’' therefore, rests not alone on the fact 
that carcinomas may become inoperable in the time between examinations, but 
more basically than that, upon the erroneous inference that growth necessarily 
means a malignant lesion or that a lack of growth is any assurance against 
malignancy. 




showing the Unreliability of growth as an indication of 
The centimeter in diameter when initially detected. 

times its Original size within a 2-month period, whereas the car- 
cinoma took more than two years to enlarge to the same degree. 


f. Density: After carefully analyzing our cases we feel that certain generali¬ 
zations, none of them absolute, can be drawn from the density of a pulmonary 
nodule. Those under 2 cm. and dense are usually granulomas while those of 
similar size but not dense can be either granulomas or carcinomas. Those over 

2 cm. and dense can be either granulomas or carcinomas while those of similar 
size but not dense are probably carcinomas. This point has been stated slightly 
differently by others,®^ namely, all lesions of medium or small size (less than 

3 cm.) of light density should be considered malignant; small lesions of heavy 
density are less likely to be malignant; as the medium-sized lesions of heavy 
density approach 3 cm. in size, suspicion of malignancy should rise accordingly. 
Although such information is helpful in analyzing individual cases, it is 
hardly reliable enough to dictate policy in the management of these nodules. 

g. Calcification: We have long contended, as have others,-^- that the 

solitary pulmonary nodule containing radiographic evidence of calcification 
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is so consistently benign that it need not be excised unless serial x-rays show 
signs of instability. Obviously, for it to serve as a guide the presence of cal¬ 
cium must be unequivocal, it must not be just one of many calcific deposits 
and it must be shown to lie within and not adjacent to nor superimposed upon 
the nodule. AVe have occasionally heard the complaint that the preoperative 
impression of calcification does not always correlate with pathologic examina¬ 
tion of the specimen. In our experience the correlation has been completely 
reliable, an indication xjerhaps of our strict I'cquirement so far as the presence 
of calcium is concerned. If there is any question as to the presence of calcium, 
we have considered the lesion to be noncalcified and treated it accordingly. 
-Vt the same time we are in complete agreement with Bloch““ who found in a 
beautifully conducted study that the absence of radiographically visualized 
calcium, in fact the lack of a pronounced degree of radiographic density, does 
not exclude the presence of fairly abundant calcification. This is well seen in 
Pig. 11 wherein a histoplasmoma and hamartoma, neither of which showed 
calcification in tomograms, were shown to contain considerable calcium in 
-X-rays of the specimen. Even then there are those who take vigorous ex¬ 
ception to its validity as a sign of benignity.”' Be that as it may, in a 

fairly extensive experience wth completely and partially calcified pulmonary 
nodules, we have routinely advised medical observation and have never had 
cause to regret it. Of innumerable nodules so followed, 3 subsequently dis¬ 
played concentric enlargement and were then excised, one proving to be a 
tuberculoma, one a histoplasmoma (Pig. 12), and one a nonspecific granuloma. 
None of the others have shown signs of reactivation or malignancy (Table V). 


Table V. PARriALLY C-u-cified Pu£..«o.vary Nodoles 

SUROIC.VLLV EXCISED BY US 


TYPE OF CALCIFICATION \ 

REASON FOR RESECTION | 

1 PATHOLOGIC DIAGNOSIS 

1. Concentric laminations 

2. Central core 

3. Inner ring 

4. Large central core 

5. Inner ring 

6. Central core 

7. Central core 

8. Central core 

9. Diffuse conglomerate 

10. Central core 

11. Eccentric flecks 

12. Eccentric flecks 

Physician’s insistence 
Concentric enlargement 
Patient’s insistence 
Patient’s insistence 
Concentric enlargement 
Physician’s insistence 
Patient's insistence 
Patient’s insistence 
Concentric enlargement 
Physician’s insistence 
Question of carcinoma 
Question of carcinoma 

Nonspecific granuloma 

Nonspecific granuloma 

Histoplasmoma 

Histoplasmoma 

Histoplasmoma 

Histoplasmoma 

Histoplasmoma 

Histoplasmoma 

Tuberculoma 

Granuloma 

Hamartoma 

Bronchogenic carcinoma 
(squamous) 


Recently, however, we were disturbed to have a small right apical nodule 
in which x-rays showed several calcific fieeks turn out to be a primary 
squamous carcinoma of the lung”” (Pig. 13). A review of the literature indi¬ 
cates that this is an extremely rare occurrence. In 1953, Good,”* in a wide 
radiologic experience at the Alayo Clinic, claimed never to have seen a 
malignant solitary pulmonary nodule containing radiographically demon¬ 
strable calcium. In the discussion following his paper, however, Hodes made 
reference to 4 patients rvith partially calcified nodules that were ultimately 
found to be malignant and Rienienschneider cited a solitary nodule showing 
roentgenographic evidence of calcification which proA 
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a granuloma -vvitli a nodule of bronchial carcinoma in its wall. Prior to this 
the only similar case of which we are aware was one alluded to by Tuttle,®^ 
but since then several other instances have been reported.^®’ More¬ 

over, Liebow has demonstrated microscopic calcification in still another.’^^ 
In order to assess the true incidence of this occurrence we thought it advis¬ 
able to poll the members of The American Association for Thoracic Surgery 
for, as far as we are concerned, resolution of this question is one of the most 
important problems confronting thoracic surgeons. 



Pig. 11.—X-rays of two resected specimens showing both to contain reiativeiy iarge 
amounts of caicium which in preoperative tomograms escaped detection. Repeated examples 
such as these emphasize that tomograms, because they tend to underestimate rather than 
exaggerate the amount of calciflcation, are ordinarily quite reliable when positive. 



Fig. 12.—The solitary nodule shown in A was first picked up in 1952 in a. routine chest 
x-ray. Tomogram (B) demonstrated a ring of calcium within the nodule. 
test was positive. The patient was followed by serial roentgenograms until n 

nodule increased in size (C) and was therefore resected. The PAS stain proved it to oe a 
histoplasmoma. 


Questionnaires were sent to 452 members of the Association, 9 of whom 
had died or could not be found. Of the remaining 443, answers were received 
from 328 (74 per cent), 

Question No. 1. In handling the partially calcified solitary pulmonary 
nodule my usual policy is: Eesection □ Observation □. 


Answers: Eesection 143 

Observation 146 

Individualize 7 

Undecided 32 

Total 328 


Comment: Opinion evenly divided between observation and resection. 


♦References 23 and G9 relate to the same case. 
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Question No. 2. Do a few flecks of calcium within the nodule provide ade¬ 


quate assurance of benignity? 

Answers: Yes 46 

No 250 

Undecided 32 

Total ^ 


Comment: Opinion overwhelmingly against the reliability of a few flecks 
of calcium as an indication of benignity. Same 32 members .still undecided. 

Question No. 3. Have you ever encountered in your per-sonal experience a 
malignant solitary pulmonary nodule containing calcium? Yes □ No □. 
If so, how many? 

Answers: Yes 114 

No 203 

Don’t know 11 

Total 

How many? Answers varied from “one” (by far the majority) to “twelve” 
CVVilliam Weisel) to “too many” (Edward O’Brien). 

Question No. 4. If your answer to Question 3 is affirmative, bi’iefly 
elaborate on the size of the tumor, cell type, and the amount and distribution 
of the calcium. 

Comment: Of the 114 members who had encountered a malignant solitary 
pulmonary nodule containing calcium, 76 provided a brief detailed report of 
155 cases. One was de.scribed as 6 cm. in diameter, one as 5 cm. and the re.st, 
one to 4 cm. Breakdown by cell type is enumerated in Table VI. 


TAiti-E VI. Answer to Questionnaire 
Malignant .Solitary Nodules Containing Calciu.m 
155 CASES —76 SURGEONS 


CELL TYl'E 1 

NO.MI3ER 

Squamous 

09 

Adenocarcinoma 

28 

Undifferentiated 

10 

Metastatic 

6 

Adenoma 

6 

Bronchiolar 

0 

Oat-cell 

2 

.Sarcoma 

0 

Malignant hamartoma 

2 

Hemangiopericytoma 

1 

Not stated 

27 

155 


The frequency with which partially calcified malignant nodules were re¬ 
ported was quite surprising to us. In analyzing these cases, however, it soon 
became apparent that the majority were minimally calcified, most containing 
one or several “flecks” which when described in detail were generally “small” 
or “tiny.” In but one instance were the flecks of calcium described as 
“large” (Tyson). Most such flecks ivere eccentrically situated often being 
referred to as “marginal” or “pei'iphei'al.” In only 13 cases was the calcific 
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deposit described ns centrally situated and in none of these was the calciflca- 
tion large enough to he called a central core. There were, on the other hand, 
a few instances in which more extensive calcification was reported. These 
included a 2 eni. adenocarcinoma with “moderate central calcification” 
(Daughtry), a baseball-sized squamous carcinoma with “marked calcification 
irregularly dispersed throughout” (llangiardi), a 5 cm. adenocai’cinoma with 
“extensive calcification” (Harkin), and a 4 cm. “completely calcified” bron¬ 
chial adenoma (Kosemond). Of Wciscl’s 12 cases, 10 of which were squamous 
and 2 adenocarcinomas, the calcification varied from “scanty to plentiful” 
and somewhat the same was true of Thompson’s 4 cases in which the amount 
of calcium varied from “heavy to tight.” In none of the oases described was 
the calcium deposited in the form of a ring or concentric laminations, although 
one such lesion, a G by 5 by 4 cm. adenocarcinoma, was said to have a “calci¬ 
fied eapsule” (Ilausman). Scattered flecks were mentioned several times but 
none of these malignant nodules were said to present a diffusely stippled-type 
calcification. 

Of considerable interest was the answer of Dr. 0. Allen Good of the Mayo 
Clinic who, as mentioned earlier, has long been a strong proponent of con¬ 
servatism in the handling of the partially calcified solitary pulmonary nodule. 
Like ourselves he has recently encountered a peripheral bronchogenic carci¬ 
noma presenting an eccentrically situated nidus of calcium, a case recently 
reported.” Even more significant perhaps was his report of a study carried 
out by O’Keefe of their clinic who analyzed roentgenologically the specimens 
of some 200 resected solitary nodules. After enucleating each nodule from 
the surrounding lung substance, he was able to show evidence of calcification 
in 10 per cent of the bronchial carcinomas. In some instances it occiu'red in 
areas of necrosis, while in others it seemed to represent postinflammatory 
fibrocaleific deposits that had been engulfed by tumor. Good concluded; 

“’While I still believe, as I have stated in several articles, that calcification 
is usually a sign that the lesion is not malignant, I must admit that I must 
qualify this belief in the light of the facts available to me. I still believe that 
we can regard as benign the lesion which is calcified in a laminated fashion 
or which looks like a ‘target.’ I also believe that any mass which shows 
evidence of a large amount of calcium is undoubtedly benign. On the other 
hand, I think we must be more careful of the lesion which shows a very small 
central or eccentric nidus or which is only very slightly calcified. ’ ’ 

As a result of this survey we too are convinced that the presence of mini¬ 
mal calcification -within a solitary pulmonary nodule, especially when it is no 
more than a small fleck, is -unjustifiable grounds for assuming it to be benign. 
These we now resect unless there are old films available, preferably four to 
five years earlier, showing the lesion to be unchanged in size and configuration. 
On the other hand, when dealing with lesions containing a moderate amount of 
calcium, it would seem fair to be much more conservative. Those that con¬ 
tain a relatively large central core of calcium, those that present concentric 
laminations, an inner ring or an outer rim of calcium and those that are dif- 
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fiisely stippled or completely calcified are almost assuredly granulomas and 
can be left alone (Fig. 14). Even then, any increase in size of the lesion should 
be a cause for alarm regardless of the presence or amount of calcium. 

h. Cavitation: Lesions that were cavitary when initially detected have been 
purposefully excluded from this study, first, because the many terms applied 
to these small radiographic densities, such as, nodule, coin lesion, etc., all 
imply that the lesion looks solid; second, because their inclusion, like the in¬ 
clusion of calcified nodules, would weight the statistics in favor of the benign 
nodule; and finally because the indication for surgery is ijrobably more uni¬ 
versally accepted in the ease of the cavitary lesion. On the other hand, several 



Fig. 14.—Representative plain x-rays of various types of calciflcation that we consider 
grounds for observation. A, Solidly calcified nodule. B, Diffusely calcified nodule. G, Nodule 
with a large calcific core and concentric laminations D, Nodule with an Mtremely large 
central core of calcium. B, Nodule with a large eccentric core of calcium. F, Nodule with 
a moderately large central nidus of calcium When calcification of these types and promi¬ 
nence lb demonstrable, ue leave the nodule alone unless it increases in size or shows other 
evidence of instability. 

nodules are included that were initially solid but showed signs of central 
necrosis while under observation. Two of these were tuberculomas that 
excavated but were easily treated by resection plus long-term antituberculous 
chemotherapy. One was an Aspergillus-paeked lung cyst (“aspergilloma” or 
fungus ball) that ultimately disclosed a meniscus sign. Three others were 
malignant. One of these was metastatic from the kidney; the other two were 
bronchogenic carcinomas. The catastrophic result of prolonged observation 
of one of these is shown in Fig. 2. Equally reprehensible was the other case 
in which a therapeutic pneumothorax was induced after cavitation occurred 
and was maintained for over a year while the thick-walled cavity gradually 
grew larger. Such examples serve to illustrate the great hazard in utilizing 
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cavitation as au iiulie.itioii of benignity. In fact, out of 18 solitary nodules 
with easitation analysed by Higler at least 11 piovcd to bo miilignant, thus 
foienig him to the eouelusiou that the incsenec ot cavitation in a lesion show¬ 
ing no other evidence of an inliainmatoiy piociss should be considered indio- 
ativ c of a malignant tumor 

1 Satellite nodules; Although thcic has been little wutten on the subject, 
the inescncc of small satellite nodules in the loentgenogiam pi o\ ides icason- 
ablo assuiance that a lesion is benign yuch nodules wpie rndiogiaphically 
domonstiable in 3 eases in this sciics, all being gianulomas, one eontaining 
Coeeidioides, aiiothei Ilistoplasma, and the nthci showing no oiganisms in 
specially stained tissue section Ifany otheis (sincially among the histo- 
plasmomas, piesented small siibpleiiial .satolliti nodules at operation, but 
these weie seldom well defined in the \-i.iy Once again, however, thcie is 
no guaiantce of benignity, a point emphasised bv Oveiholt and his associates ” 

Thai(icotomy —In the final analysis the oin depi iidahle diagnostic aid, in 
fact the only uiiifoimly icliable one outside ot autopsy, is thoracotomy For¬ 
tunately, this ciuiies as <iii added dividend tin oppoitunity to evcise the 
lesion which in most instances is the ticatinent m ' lioiee anyway All patients 
in our seiies ultimately came to thoiacotom.v Tins in itself has convinced us 
of the futility of elaboiato pieoperativc investigilmns 

The tjps’s of opeiation utilircd in our 2r> i ivs are indicated in Table 
Yll- In all eases the magnitude of the icscctioo e is dictated by a eoiiclation 
of the patient’s condition, the gioss findings al o[ieiatioii. and the itsults of 
fio/en-seetioii tissue evaminatioii In 8 casis ill of them unrescetable laiei- 
nomas obseived foi moie than one year pi no to suigieal consultation, the 
opeiative pioceduie was limited to exploiation nid biopsy In all other cases 
the lesions weic leseetablc, having been tieatid iimst eonimoiily by a limited 
resection if benign, and cither iiiicuiiioiiectoniy ui lobectomy if malignant As 
will be pointed out in latei discussion of bronehogniic caicinonia, we have 
come to icgard lobectomy as a peifcctly aeciptabh proccduie in many of the 
poiipheral eaieinoinas niiassociated with gross Ivmph nodal involvement. One 
other aspect of Table VII desen cs elucidation and that is the pcifoimance 
of eleven pneumonectomies for benign lesions This simply retieets the fact 
that early in our experience we were less adept at ilistiiiguishiiig benign from 
malignant tumors and considered pneumonectomy to be the only adequate 
Opel atioii for bronchial carcinoma. 

flur moitahty rate with thoiacotoiny plus a iiimted resection (108 cases) 
has b»<n ml However, among those with iohectomies and pneumoneftomies 
(107 patn nts), there have been five hospital deaths, four after pneumonectomy 
and um toliowing lobectomy, the pathologic diagnosis in each case being 
bronthogi me (aiemoma, .jVnother patient with a large granuloma died at 
home siicMi nh and unexpectedly six vvecivs following pncumoiicctoiny Ho 
too has 1 1 It im luded as an operative death bipnging the total for the series 
to six I-' '' in 1 ’ t 
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Table VII. Operatioxs and Operative Mortality 
215 SOLlTaVBY PULXIONARY NODULES 


LESION 



LOBEC¬ 

TOMY 

SEG¬ 

MENTAL 

RE¬ 

SECTION 

WEDGE 

RE¬ 

SECTION 

ENU¬ 

CLEATION 

EXPLORA¬ 
TION AND 

BIOPSY 

DEATHS 

Bronchogenic 









carcinoma 

79 

39 

30 

r 

It 

- 

8 


Bronchial adenoma 

9 

4 

2 

2 

1* 

- 

- 

- 

Primary sarcoma 

2 

1 

— 

1* 

— 

- 

- 

15 

Lymphoblastoma 

1 

1 

— 

— 

— 

- 

- 

- 

Metastatic tumor 

30 

1 

2 

1 

6 

- 

- 

- 

Granuloma 

82 

2 

12 

3 

64 

1 

- 

i|! 

Hamartoma 

9 

1 

— 

3 

3 

2 

- 


Mesothelioma 

Chronic 

6 

1 

— 

— 

4 

1 


“ 

pneumonitis 

4 

2 

— 

2 

— 

- 

- 

- 

Bronchial cyst 
Bronchopulmonary 

3 

1 

' 

■'' ' 

2 




sequestration 

3 

1 

2 

— 

— 

- 

- 


Neurofibroma 
Chronic lung 

2 


1 

' 


1 



abscess 

2 

1 

1 

— 

— 

- 

- 

- 

Lipoid granuloma 

1 

1 

— 

— 

— 

- 

- 

- 

Lymph node 

1 

— 

— 

— 

1 

- 



“Aspergilloma” 

1 

1 

— 

— 

— 

— 



Total 

215 

57 

50 

13 

82 

5 

8 

6 

(2.8%) 


•Frozen section—benign. §Diecl after pneumonectomy. 

tFrozen section—metastatic. llPatient did well postpneumonectomy, but 

tThree deaths following pneumonectomy; suddenly si.K weeks later, 

one after lobectomy. 

The morbidity rate has been correspondingly low. Early in the series 
there were five postpneumoneetomy bronchopleural fistulas with empyema. 
All eventually healed following pleural drainage and thoracojilasty. During 
the last eight years of this study there have been but two empyemas follow¬ 
ing pneumonectomy and both of them responded well to aspiration plus com¬ 
bined systemic and intrapleural antibiotic administration. There were 2 
patients who, after wedge resection of supposedly nonspecific granulomas, 
developed tuberculous reactivation and required long-term chemotherapy 
plus completion of the lobectomy. Finally, one other case, following a wedge 
resection for a nonspecific granuloma, was complicated by a persistent broncho¬ 
pleural fistula which responded to completion of the lobectomy and long-term 
antituberculous chemotherapy, the latter despite our failure ever to prove a 
tuberculous etiology. Except for these cases, all patients did Avell and were 
discharged from the hospital on an average of eight to ten days postopera- 
tively. 

The absence of any mortality from exploration and limited resection alone, 
the reasonably low mortality rate following more radical resection and the 
absence of any appreciable morbidity, except in eases of carcinoma and 
tuberculosis where it might be anticipated anyway, provides to our way of 
thinking convincing proof of the safety in exploring every patient with a 
solitary, noncalcified pulmonary nodule. 
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PATHOLOGIC ENTITIES 

Bronchial Carcinoma .—Besides being the most important single entity in¬ 
cluded among tlio solitary pulmonary nodules, bronchial carcinoma rivals the 
granulomas ns the most common. In our series there were 79 bronchial carci¬ 
nomas (3G.7 per cent) as compared with 82 granulomas (38.1 per cent), these 
two lesions together comprising 75 per cent of total nodules. 

Breakdown by cell type is interesting (sec Table II) although not differ¬ 
ing signiflcantly from accepted figures for peripherally situated carcinomas. 
Host frequent were the adenocarcinomas, numbering 36 in all, including 9 
bronchiolar careinomas. There were 34 squamous carcinomas. The other 9 were 
undifferentiated carcinomas. This is decidedly different, of course, from bron¬ 
chial carcinomas, in general only about 13 per cent of which are adenocarcino¬ 
mas,'* but quite in keeping with the work of Walter and Pryce who have shoivn 
that primary adenocarcinomas of the lung arise predominantly if not invariably 
in the iieripheiy.” Insofar as survivorsbip is concerned, the end results are some- 
wiiat surprising, for they suggest, though admittedly in figures far short of sta¬ 
tistical significance, tliat the adenocarcinomas and undifferentiated carcinomas 
have as favorable a prognosis as the squamous variety. Thus, the survivors in¬ 
clude 15 patients with squamous carcinoma (44 per cent), 17 with adenoearci- 
noma (47 per cent), and 4 with undifferentiated carcinoma (44 per cent). We 
attributed this at first to chance, but note that Belcher recently concluded 
after an elaborate study that patients ivith adenocarcinoma amenable to lobec¬ 
tomy have a better prognosis tlian those with squamous carcinoma so situated 
as to be suitable for lobeotomy.’" Similarly, undifferentiated carcinomas 
appeared to him to have not nearly as bad a prognosis when lobectomy was 
possible as they did when the tumor was more extensive, even to the point that 
their 2-year survival rate closely approximated that for squamous carcinoma 
(43 per cent versus 40 per eent)."* 

Where our results were worst was among the bronchiolar (alveolar cell) 
carcinomas. In our experience these have carried a poor prognosis. AU but 
3 of our 9 patients with bronchiolar carcinoma have now died or are in the 
process of dying and 2 of the remaining 3 were resected much too recently 
(two and four months, respectively) for anyone to guess their ultimate fate. 
We would agree therefore with those from the Mayo Clinic whose survival 
rates after resection of these tumors parallel our oivn.” Despite the fact that 
the bronchiolar carcinomas in our series were mostly small asymptomatic 
lesions unaccompanied by nodal involvement and upon microscopic examina¬ 
tion were better differentiated than the average adenocarcinoma, we have yet 
to encounter what we would label “favorable bronchiolar carcinoma’’ as it 
has been called by Overholt and his associates.’* 

While our over-all results in the surgical management of the malignant 
solitary nodule are far from ideal, they manifest little of the pessimistic over¬ 
tones generally associated with bronchial carcinoma. Out of 79 patients in 
this series having bronchial carcinoma, 34 are still alive in seeming good 
health, while an additional 2 cases can be justifiably eonsir’" ’ .rod by 
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surgery althoiigli having subsequently suceumbecl to other causes. These 
latter 2 patients were operated upon in their sixties and died in their seventies 
(one eight years and the other five years, postoperatively) wthout showing 
any demonstrable recurrence either clinically or at autopsy. Another patient 
whose tumor was a squamous carcinoma lived for eleven years following pneu¬ 
monectomy but died vdth sioinal metastasis and is not included in the group 
of survivors. As suggested by two independent groups in 1948,'“' there is 
a reasonably close correlation between the 2- and 5-year survival rates, and it 
is on this basis that our own survival rates have been calculated. There are 
then 36 patients (45.6 per cent), who can be regarded as potential “cures,” Avith 
17 patients being 3-year survivors, 10 more being 2-year siu-A-ivors and the re¬ 
maining 9 patients being less than two years postoperative. This figure is 
disappointing on the surface, but becomes a good deal more optimistic con¬ 
sidering that, of the 43 patients who did not survive, 28 had been observed 
by their physician for periods in excess of six months and 20 of these had 
actually had the growth of their nodules cheeked periodically for over a year. 

— SYMPTOMS — 

RELATIONSHIP TO MEDIASTINAL NODE INVOLVEMENT a SURVIVAL 

AUVE AND WITHOUT 
APPARENT METASTASIS 
I I OVER 2 YRS. 

OR ^ UNDER 2 YRS. 



20 OF THIS GROUP WATCHED 
MORE THAN ONE YEAR. 

23 INITIALLY ASYMPTOMATIC. 


Fig. 15.—Illustration of the prognostic significance of symptomatology both upon mediastinal 
lymph node involvement and ultimate survivorship. 

In other words, many ivere robbed of a chance for cure long before being 
referred for surgical consultation. 

The presence of symptoms, or prefei*ably their absence, had an impressh^e 
infiuence upon survivorship. Out of the 79 patients ivith bronchial carcinoma, 
65 Avere asymptomatic Avhen the radiographic density Avas first detected. As 
a reflection of the long periods of obserAmtion forced upon so many of these 
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patients, an additional 23 developed syiiiptoiiis befoic coming to opoiatioii 
Thus, at the time of thoiaeotomy 37 patients had symptoms whereas 42 had 
none Those aie shown in Fig 15 Of the 42 who weie symptom free 31 
(74 pel cent) aie siiiviving in appaiciit good health without evidence of 
lecuncnt caicinoma Admittedly 9 of the suivivois aie less than two years 
postopeiative hut even dibeounting these tlieio aie still 2 survivois out of 
eveiy 3 patients with solitaiy uieumsciibcd bioiichial caicinomas opeiated 
upon 111 the asymptomatie phase By tontiast, among the 37 patients opeiated 
upon aftei the appeaianee of symptoms only 5 suivive (13 per cent) 

Jloreovei, theie has been a lathei cleai cut ielatioiislup between the e\ 
istoiice of symptoms and mediastinal lymph nodal involvement AVheieas only 
5 (12 pel cent) of those without symptoms showed micioseopic evidence of 
mediastinal lymph node involvement, 25 (67 5 pei cent) of the symptomatic 
gioiip c\hibited metastatic tumor in one oi moie mediastinal lymph nodes 
and 8 of these were unresoetable Conversely, the asymptomatic lesions were 
iinifoimly resectable The ielatioiiship of symptomatology to both medi 
astinal node involvement and sinvivoiship is illustrated in Fig 15 These 
findings arc in geneial agieement with othci lepoits on asymptomatic bion- 
chial carcinoma, ^ at least in the bioad sense that the asymptomatic lesion 
has a highci into of icsoetability and a potentially highei late of ciiiability 

TIME LAPSE BETWEEN DISCOVERY a OPERATION 
RELATIONSHIP TO SURVIVAL 


OP 



— MONTHS — 

Fig IG—Illustration of the influence upon survivorship of the time lapse between detection 
and resection of the nodule. 

than symptomatic caicinoma of the lung In oui expeiience this difference 
has been impiessiie enough to constitute a telling argument in suppoit of 
loiitme and suivey chest loentgenogiams ot asymptomatic patients 

All analysis of the time lapse between diseoveiy of the lesion and opeia 
tioii and Its lelatioiiship to suivival is shown m Fig 16 Forty two of the 79 
patients with bioiichial caicinomas weie oiieiated upon within si\ months 
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after roentgenologic detection of tlie lesion. Twenty-seven of tliis group (64 
per cent) survive in apparent good health vdthout evidence of metastasis. 
When operation was delayed six months to a year only 4 (33 per cent) out of 
12 patients survived and when delayed over one year 5 (20 per cent) of 25 
survived. Interestingly enough, there were 2 patients who are alive and well 
three and six years after resection despite haAung been observed preopera- 
tively by their physicians for two and three years, respectively. Still another 
patient was folloAved for three years before being referred for siirgery. He 
was alive and well Avhen last heard from four j^ears postoperatively, but he 
Avas subsequently lost to foUoAv-up and has not been coiuited as a surviAmr. 
Nevertheless, these 3 cases demonstrate the indolence and relatNely Ioav bio¬ 
logic acthdty of an occasional carcinoma of the lung. Itlore often than not the 
opposite tends to be true, however; hence the need for prompt excision seems 
inescapable; the sooner the resection the better the chance for cure. Our 
experience leads us to belioAm that the small solitaiy circumscribed asymp¬ 
tomatic bronchial carcinoma recently picked up in a fortuitous chest roent¬ 
genogram, an admittedly small segment of all bronchial cancer unfortunately, 
has a good chance for complete eradication if operated \ipon promptly. 
Tliirty-tAvo of our patients fall into this category and 24 (75 per cent) sur- 
Auve in apparent good health. Out of this group there were 14 operated upon 
over fiA^e years ago and 11 (78 per cent) are alive and Avell today. While the 
number of eases quoted is much too small to assume statistical significance, it 
suggests that the 5-year surAuval rate in bronchial carcinoma so situated and 
so handled approaches 75 per cent. 

Finally, it is highly significant, Ave feel, that the extent of siirgery (pneu¬ 
monectomy versus lobectomy) does not appear to liaAm any significant effect 
upon the ultimate survival of certain cases and Ave iioav regard lobectomy as 
a perfectly sound and adequate cancer operation in properly selected cases, 
the chief requirements being a Avell-eircumsei’ibed lesion, peripherally situated 
and free of gross lymph nodal involA-ement. As far back as 1934, the Mount 
Sinai group®- pointed out the singular behaAuor of these tumors and made ref¬ 
erence to their sxiitability for lobectomy, but like many another concept too 
far ahead of its time this proposal met AAuth much undeserved abuse each time 
it Avas reintroduced."®’ Subsequent comparisons of surAUAml rates for lo¬ 
bectomy as opposed to pneumonectomy"®’ clearly vindicate their con¬ 
tention, hoAvever, as does an analysis of oxir oaati cases. 

The surgical procedures performed on the 79 patients vdth bronchial 
carcinoma consisted of pneiTmoneetomy 39 times, lobectomy 30 times, biopsy 
8 times, and limited resections tAA’ice, the latter liaAnng been prompted by 
erroneous frozen-section diagnoses (Table VII). Of the 36 survivors, 20 had 
had pneumonectomies and 16 had had lobectomies, in other Avords about one 
half of the original pneumonectomies and one half of the lobectomies surAUve. 
Among those treated by pneumonectomy, 12 are living and Avell more than 
five years postoperatively, 5 betAveen tAvo and five years postoperatively. and 
3 less than tAvo years postoperatively. Among the lobectomies 5 are 5-year 
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sui\uals, 5 moie aic 2 jeai siuM\ak, and (> aie not jet two jtais pubtopuia- 
tne To lib the fcatiiie of gieatcst signihcance is the tact tliat those who died 
of lecuirent eaicinomi following lobcctoinj' died not of local itauieiuo hut 
fioiii geueiah/ed metastasts, most tioqiicntljr eeidnal Thus the tuud m oui 
management of these patients has changed fioiii loiitine pneiimoueetomv to 
lobeetomj wheneiei feasible When no gioss OMdence of Ijmph node iiiiohe- 
ment has been noted and the lesion was tonhntd to the peupheij ot a lobe, 
oin lesults with lobectomy haie been is good as those with inuumoucetoinj 

On the othci hand, we do not mean to imply that lobeetomj’ is a satis- 
factoij’ substitute foi pneumoncetomy in less faioiablc situations Wluu the 
tiinioi encioachos upon the lulus oi when cnlaigcd hilai oi mediastinal lymph 
nodes aie piesent, we eonsidei pntumonectonij’ to be the tieatiiiciit ol choin 
Neveitheless, as pointed out bj' Boj’d and his eo woiKeis,'" a faiily ladical 
lobectomy can be poifoimed, especially in iippci lobeetomj’, and it is thouglit- 
provokiiig to find Belchei'” stating that fuitlui elucidation of the lymphatic 
diamage of the lung “may show that it is as iiiatioiial to iccommcud pneu¬ 
monectomy foi ail uppoi lobe tumoiii as it would be to leiiiove the enliie colon 
for caicmoina of the sigmoid ” Rcgaidless of additional rohnomiiits iii leeh- 
niqiie that may eventually appeal, it seems deal to us at this point that lo¬ 
bectomy veiy definitely has a place m the mnnigcmeiit of the piimaiy malig¬ 
nant sohtaiy nodule, caiiyuig wuth it a eonsidcrablo ieduction m opoiativo 
mortality and picsoivation of pulinonaiy function without signilicuntly lo- 
ducing the chanee foi long term sin vival 

Bionchial Adenoma —As fai as bionchial adenomas aie eonceined only 
two featiues lequiio comment here Fust is the question of then malig¬ 
nancy, second, then not mficquent though seldom appieeiatcd tendeney to 
aiise peripherally 

That they are all potentially malignant is well known To be coiiviiieid 
of tins one has but to witness the Ijmphatic and sometimes moie fsteiisivo 
metastases associated with a perfectly benign looking tumor, oi mil into a 
lecuiieiice following local escisioii of an apparently benign lesion oi di- 
coiintei frank carcinomatous ti aiisformation in an otherwise beiiign adoiioiiiii 
Consideiing how difficult it may be to piovc the oiigiii of a eaicinoma fiom 
an adenoma, this last possibility may occur moie commonly than wo think 
Foi these leasons we personally regaid all bronchial adenomas, be they 
eaiemoids or eylindiomas, as low-grade adonocareinomas having an excel d- 
ingly faioiable outlook if excised early but a guarded and oftentimes fatal 
prognosis if neglected indefinitely Since no one would dispute the net d foi 
their excision, it seems justifiable to classify them as malignant lesions IIow- 
eiei we have not gone so far as to lump the adenomas in with the eaicinomas 
for fear someone might infei that the high iiieidenee of bronchial can inoiiia 
among our solitarj nodules might be due to aitifieial padding Actually tin 
opposite IS tiaie, because seicral lesions onginally thought to b( bronchial 
carcinomas were reclassified as adenomas after reviewing the histologic su- 
tions as a part of this study 
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The othei* point, that is, the chance of their assuming a peripheral posi¬ 
tion also deserves emphasis, for in the popular mind the typical adenoma is 
a central obstructive tumor not a peripheral solitary nodule. Nevertheless, 
about 10 per cent will arise far enough peripherally to present the radio- 
graphic appearance of a solitary nodule.'*® Nine nodules in our series turned 
out to be bronchial adenomas, an incidence of 4 per cent which is somewhat 
higher than that in most series but only one half that reported from the Mayo 
Clinic.^^ 

Sui'prisingly, 5 of the adenomas in our series occurred in men and only 
4 in women. There Avere 6 carcinoids, 2 cylindromas, and one well-differ¬ 
entiated mucous gland adenoma.'*^ There was lymph node involvement in but 
one case, and all 9 patients remain alive and well for periods ranging from 
tAvo to eleven years. 

Rare Primary Pulmonary Malignancy. —There is little need to expound up¬ 
on the many malignant tumors that arise occasionally in the hmg and still less 
commonly present as a solitary nodule. Representatum examples such as a 
fibrosarcoma, a leiomyosarcoma, and a lymphoblastoma are included in our 
series. The subject of bronchopulmonary sarcomas has recently been compre¬ 
hensively covered Avith special attention to their rarity, peripheral location, 
predominance in middle-aged persons, difficulties in pathologic differentiation, 
and amenability to surgical excision.**- A number of entities both malignant, 
such as, oat-ceU and pleomorphic-cell carcinoma, and benign, for example, 
postinflammatoiy pseudotumors,®® are apt to be mistaken for pulmonary sar¬ 
comas thus emphasizing the need for the greatest of care in microscopic inter¬ 
pretation. The one fibrosarcomatous nodule in our series occurred in a 51- 
year-old man. The lesion had enlarged sloAvly over a 3-year period of observa¬ 
tion, yet there Avas no CA'idence of nodal iiiA-olvement at pneumonectomy. To 
our dismay he died forty-eight hours postoperatively of undetermined cause. 
The patient Avith a leiomyosarcoma Avas a 52-year-old man Avho remains in 
good health fiAm years postoperatively despite a A'ery limited resection imposed 
by the frozen-section tissue diagnosis of a benign lesion. The third patient 
Avas a 39-year-old Avoman Avho had a pneumonectomy for a lesion diagnosed 
as a lymphoblastoma. There Avas no lymphatic metastasis. X-ray therapy Avas 
Avuthheld pending the appearance of metastases Avhieh to our amazement have 
not yet appeared. She remains in good health elcA-en and one-half years later 
and represents as far as Ave can determine®^ the longest surAUAung ease of re¬ 
sected primary pulmonary lymphoma on i-ecord. 

Metastatic Malignancy. —Ten of the solitary nodules in our series proved 
to be metastatic to the lung. All but 2 of the patients had had prior cancer 
surgery am-AAdiere from one to tAveh'e years earlier. In each of these cases, the 
possibility that the pulmonary nodule represented a solitary metastasis Avas 
seriously considered, yet on the other hand there were 3 more patients AAdio had 
had a primary extrapulmonary carcinoma resected preA-iously, all 3 of AA^iom 
turned out to have a separate primary carcinoma of the lung. This then is the 
cliief reason for adAUsiug prompt thoracotomy in a patient Avith a solitary piil- 
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raonary nodule and a history of a previously excised malignancy. Admittedly, 
the likelihood of linding a meta.static nodule stands high, but not high enough 
to invalidate the possibility of a primary bronchial careinoma, especially when 
the interval between operations is relatively' long. 

The merits of resecting metastatie pulmonary nodules are dubious at best. 
When there is but one demonstrable metastasis, however, its excision may be 
worth while, achieving definite prolongation of life in some instances and less 
frequently a long-term survivor, the classic example being a patient with a 
hypernephroma whose case was reported by Barney and Churchill”^ in 1939, 
with a 9-year follow-up after resection of a solitary metastatic deposit in the 
lung. The essential requirements, of course, are a reasonable assurance that the 
primary malignancy has been controlled and the inability to demonstrate more 
than one site of metastasis. Ideally, an adequate interval of time, preferably' 
three y’ears or so, should have elapsed between operations for the primary and 
secondary lesions. But the logic in delaying the second operation to see 
whether additional metastascs shall appear is apt to be nullified by the fact 
that the nodule may bo primary rather than metastatie. Moreover, in a superb 
analysis by Seiler and his assoeiates,®* it could only be concluded that contrary 
to expectations the patients with a long hiatus between the two operations 
did no better than the group as a whole. 

Needless to say, the cell type and organ of origin are other factors in¬ 
fluencing the chance for cure, although these too are in no sense reliable. 
Generally speaking the outlook for those due to carcinoma of the skin, cervix, 
colon, kidney, ovary, and breast is probably better than for those from other 
locations.®' Likewise the prognosis is possibly more favorable for metastatic 
sarcoma than for metastatic carcinoma.®*’ *® AVhen all is said and done, how¬ 
ever, the chance for complete eradication is extremely’ remote. Character¬ 
istically, once a secondary tumor appears, widespread metastases are usually 
soon to follow. This is exemplified by one of our patients who, after nephrec¬ 
tomy for hypernephroma, survived twelve years before a metastatie nodule 
appeared in the lung, only to have signs of cerebral metastasis arise within one 
month after pulmonary resection. 

Of the other 9 patients, 2 had no previous history of carcinoma and the 
primary sites were detected only after microscopic recognition of the metastatic 
nature of the pulmonary lesion. Neither of these jiatients survived more than 
two years. This particular situation, operation upon the metastasis prior to 
the primary malignancy, was so rarely encountered in our series that there 
would seem to be little justification for an elaborate search for a primary 
extrapnlmonary tumor in the preoperative study of the indeterminate solitary 
pulmonary nodule. AVithout some clue to a primary' elsewhere the direct 
approach to the pulmonaiy lesion would seem more logical, less time con¬ 
suming and perhaps less expensive in the long run. 

In our series of metastatic pulmonary tumors the survivorship has been 
rather dismal although not entirely discouraging. Only 4 patients are still 
alive. Two (colon and breast) have recurrent carcinoma twenty-one and 
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fourteen months following thoracotomy. The other 2 (breast and osteogenic 
sarcoma) are liAung in apparent good health without evidence of further 
metastasis fifty-eight and forty-three months, respectively, after resection of 
a solitary pulmonary metastasis. 

Granuloma .—In practically every series of solitary pulmonary nodules the 
most common single entity has been the granuloma. Thirty-eight per cent of 
our series were granulomas as were 41.6 per cent of nodules reported in other 
series (see Table I). They account for b 3 '- far the bulk of the benign nodules. 
Traditionally these lesions have been called “tuberculomas,” an etiological 
assumption usually based on nothing more than their gross appearance. Even 
when soft or cavitary, such granulomatous foci more often than not are nega¬ 
tive for acid-fast bacilli both cultui’ally and histologically and Avhen the nodule 
is old and laminated, and especially when pai'tly calcified, the bacteriologie 
yield is almost negligible. Even then, if the only positive skin sensitivity test 
is the tuberculin, a presumptive diagnosis of a tuberculoma might be justified, 
but for one to incriminate a tuberculous origin in the face of a negative skin 
test is a precarious position indeed. Hence it should take only one large series 
like Hahon and Forsee’s,^^ in which 30 per cent of the “tuberculomas” were 
accompanied by a negative tuberculin skin test, to convince one that another 
organism might be responsible for some of these infections. 


T-vble VIII. 82 Granulomas (Eadiographically Noncalcified) 


Studied by special stains 

Tuberculoma 12 (17%) 

Histoplasmoma 39 ( 55 %) 

Histoplasmic lymph node 1 

Coccidioma 5 ( 7 %) 

Diagnosed 57 (80%) 

Nonspecific 14 (20%) 


(possible Histoplasma, 2; possible Cr^'ptococcus, 2) 

Not studied 

(tissue not available) 

Total 


71 


11 


82 


Actually the idea that fungi might produce lesions indistinguishable from 
the so-called tuberculoma is by no means new. As far back as 1915, 
Coecidioides were demonstrated in such a nodule,^"® but it was not until 1939 
that Cox and Smith^®^ called special attention to the “arrested pulmonary 
coccidioidal granuloma.” Since then the coccidioma has been thoroughly re¬ 
studied by various investigators^®-'^®® who have established both its prevalence 
and its pathologic significance. 

In contrast to the coccidioidal residual in which spoi’angia can almost 
always be identified if a persistent microscopic search is made of hematoxylin 
and eosin-stained sections, proof of the histoplasmic etiology of comparable 
lesions has been greatly delayed by the infinitely greater difficulty in demon¬ 
strating Histoplasma in quiescent, presumably inactive foci. Only by the 
recent development of more sensitive tissue stains has identifieation of the 
organism been possible in such eases. Using the periodic acid-Schiff (PAS) 
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Fis 17—Thp residual lii&toplasmic focus 

A, Transected specimen of a typical histoplasnioma sho\Mng the characteristic pleui il 
plaque, concentric laminations and necrotic center 

B, Transected bronchial lymph node that presented as a pulmonary nodule (see Fir- 7) 
and appeared grossly granulomatous Special stains revealed myriads of Histoplasma 

C, Hematoxylin and cosin*stained tissue section fiom a so called tuberculoma showing 
nothing but coagulation necrosis 

D, The very next section stained by the periodic acid Schiff method and centered on 
the same microscopic field «5een in C, discloses an impressive number of typical Histoplasma 
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sl iin I’uclu tl'“ uas able to iclcntifj Histoplasm i iii 22 lesected gianulomas 
vU oC v,bicU !il tbo gioss and mieiostopie puUne of healed tnbciculomas This 
liigl\lj siginftt lilt biidiiig bas liten adiiiuatilj umfuiiud by Ziminetiunii,’"'’ 
Binfoid,*’* oiiL ol us," and in a subscuucnt icpoit b\ PncKett,"^ but to date 
bas gained little atteptaiicc bj the maioiit\ ot pathologists, most of nliom letain 
the iiioiieons notion that loutiiic staining methods aic quite adequate foi the 
demoiisti ition ot fungi We icadily concede that m active lesions, paiticnlaily 
in the picsence of piogiessivo disease, the oidinaiy hematoxylin and eosiii 
stain IS quite satisf<ictory foi diagnosing the deep mycoses Howevei, in mild, 
healing, 01 “buint out” infections fungi aic apt to stain poorly if at all bs 
tins method"* and lequne a special stain such as the PA&, Giidlev,**- oi 
lucthcnamine silver nitrate"” foi then dcinonsUation This point can be conclu- 
suelv proied bj a eompaiison of identical tissue sections stained bv diffeient 
teehniqiies (Fig 17) In the hematoxylin and cosin stained section taken thiough 
the eential nociotie /one of a pulnionaiy gianuloma, no organisms aie visible 
In striking eonti ist the vciy next section fiom the sime paiaffin block dis 
closes a vast luimbei of typical ftistoplasma when stained by the PAS method 
Inasmueh as other mycoses such as ciyptococcosis’ '* and on laio occasions 
blastomycosis'”” "® and exon geotiichosis'”” and niucoimycosis' ” have also 
been lucuminatod is a c uise of a ‘‘tiibciculoma,” xvc were extiemely anxious 
to investigate this aspect of out gianulomas 

All attempt xxas made to obtain the paiaffin tissue blocks of all gianulomas 
included in this senes This was possible in 71 cases 'Multiple sections xveie 
tliin lectit and at least nine stained slides, thiee xvith the Ziehl Ncelsen stain, 
tliiec with the PAS stain, and thice with the Giidloy stain wcie metiouloiisly 
10 examined Histoplasma weic clearly seen in 40 cases, one being a lymph 
node, Coceidioides in 5 cases, and acid-fast bacilli in 9 However, in thiee 
additional instances, the tubeiculous natuie of the infection xvas proved by re 
eoveiy of tubeicle bacilli in cultuie, once fiom the lesected specimen and 
twice fiom the sputum xvhen the piocess lecmied postopeiatively in the 
opeiated lobe (Pig 18) Thus, 12 granulomas weie tiue tubeieulomas In 4 
othei cases foi ms suspicious but not diagnostic of Histoplasma (twice) and 
Ciyptoeocci (twice) weie seen, but because of insufficient evidence these, 
along with 10 othei eases in which no oiganisms weie seen, aie classed as non 
specific gianulomas As shown in Table VIII a positive diagnosis xvas possible 
in 80 pel cent of the cases studied The laigest peicentage of these, 55 pei cent 
of the total niimbei studied, weie histoplasmomas, xxliile anothei xvas a liisto 
plasmic lymph node Seventeen pei cent of those studied pioved to be tubei 
mlomas and 7 pei cent xveie eoceidionias Anothci six lesected specimens 
tint uc not included in oiu senes of solitaiy nodules because they contained 
cilcium xveie ilso shoxvn to be histoplasmomas (see Table V) It becomes 
quite obvious theiefoie that the majority of piilmonaiy gianulomas, instead 
of being tubeiculous, aie actually mycotic in ongiii Additional study is 
indicated to deteimmo the etiology of the as yet undiagnosed gianulomas, 
some of which are undoubtedly silicotic*® while otheis, such as 2 lepoited 
ciscs ciused bj 1111100110,”” must icsult fiom baoteiia othei than the tubeicle 
bacillus 
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The prognostic significance of these granulomas is diflcult to assess. A 
number of publications suggest that the tuberculomas warrant excision be¬ 
cause of the constant threat of reactivation. Barring the cavitary and the soft 
exudative lesions, we are not so sure this is necessarily true; hence our willing¬ 
ness to observe the partially calcified pulmonary nodule. In a paper fre¬ 
quently quoted as an argument in favor of resection, MitchelP-^ concluded 
that with prolonged observation of a solitary dense tuberculous pulmonai’y 
focus there was about one chance in four of progression of the disease when 
untreated by resection or chemotherapy, but severe progression was rare and 
none proved fatal. ^Moyes’-- demonstrated an even higher rate of instability 
than ilitchell but showed a better ultimate prognosis and the only death in 
his series resulted from a bronchopleural fistula following resection, ilore- 
ovei*, as Macleod and Smith point out, “We must be chary of too ready ac¬ 
ceptance that the round focus is responsible for the spread of disease. All 
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Fig. 18.— A, Preoperative x-ray of a patient ^Mth a solitary nodule in the right first 
anterior interspace Tuberculin and histoplasmin skin te.sts \\erc both positl\e. Sputurn and 
gastric washings were negative for acid-fast bacilli. Neither AFB nor fungi could be 
demonstrated in the -wedge-resected granuloma. No chemotherapy ^\as given. B, Roentgeno¬ 
gram taken five months postopcrati\ely reveals a cavitary lesion at the operative site at which 
time sputum was positive for AFB. Patient required chemotherapy and compietion of the 
lobectomy. 

This and another case like it convince us of the necessity of treating every nonspecific 
granuloma with antituberculous chemotherapy whenever the tuberculin skin test is positive. 
If, on the other hand, the tuberculin test is negative or if fungi can be demonstrated m the 
necrotic center, additional treatment would not seem to be necessary. 


patients with tuberculous disease are liable to break doAvn. The round and 
apparently solitary focus is so frequently accompanied by other tuberculous 
foci in the lung that these radiologically invisible lesions may well be the 
source of bacilli.”^-® In what is undoubtedly the most painstaking study yet 
conducted on this problem, HillerdaP-* was impressed by the favorable long¬ 
term prognosis among patients Avith untreated tuberculomas. Bronchogenic 
spread was uncommon. When it did occur, the disease in every instance was 
easily controlled by chemotherapy and involved no great danger to the patient. 
Tavo factors account for the frequency Avith Avhich such nodules need to be 
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excised, however, these being the inability to rule out malignancy in the recently 
discovered tuberculoma and the possibility that it is a blocked cavity when 
serial x-rays show it to be the residual of more extensive, previously treated 
disease. Even so, whenever calcification can be seen witMn the nodule, trouble 
from either of these two possibilities is so remote that we regard medical ob¬ 
servation as the logical course to follow. 

In tlie case of the solitary mycotic foci we are still more certain of the 
advisability of leaving them alone, provided of course that malignancy can be 
ruled out. The occurrence of cavitation within the .solid coccidioidal residual 
is not common and is even less likely to occur in the liistoplasmoma. Dis¬ 
semination from such a nodule is almost unheard of, although alluded to on 
at least one occasion.*^' Perhaps the best reason for not e.xpecting any trouble 
from these focalized fungal infections is the questionable viability of the 
organisms as manifested by the great difficulty in culturing anything from the 
specimen. Altliough one writer infers that their recovery can be anticipated,'"’ 
our own experience bears out that of Puckett,’"' in that only once have we 
been able to culture II. capsuJatum from one of these histoplasinonas, and never 
have we had a recurrence regardless of how limited a resection was done. The 
fact that these healed mycotic foci are so innocuous as well as tlie fact that 
they represent a substantial poition of tbe partially calcified nodules seems 
to us to provide additional justification for a program of observation in the 
ease of the solitary nodule containing unequivocal radiographic evidence of 
calcification. 

When neither acid-fast liaeilli nor fungi can be demonstrated hi the speci¬ 
men, a dangerous sense of security may develop. In such a situation we twice 
permitted an avoidable recurrenoe by failing to have proper respect for the 
possibility of tuberculosis (see Pig. 18). Both of these patients had limited 
resections; both had positive tubei-culin and histoplasmin skhi tests; neither 
received antimicrobial chemotherapy following operation and both developed 
recurrence in the remainder of the involved lobe. Although each of these 
patients is recovering after prolonged chemotherapy plus completion of the 
lobectomy, the use of prophylactie antituberculous chemotherapy postoperatively 
would in aU likelihood have obviated a second operation. As a result of this 
e.xperience we are convinced that, provided the tuberculin skin test is positive, 
the granuloma in which neither acid-fast baciJJj nor fungi can be demonstrated 
deserves at least six months’ antituberculous drug therapy as a precautionary 
measure. 

Hamartoma .—Hamartomas are generally regarded as rare pulmonary 
tumors, when in reality they are probably not too uncommon. In the Jlayo 
Clinic series,” for example, hamartomas were as common as bronchial car- 
* cinomas, comprising 16 per cent of all their solitary nodules. AVo have en¬ 
countered only 9 in our series and 2 of these were resected from the same 
patient in operations performed five years apart. 

Regarding hamartomas, easily the outstanding question at the moment 
concerns the widely accepted view that these tumois are always benign. 
Simon and Ballon”® are often refcn-crl tn .a.s tlie nnlv ones to renoit "■’'’•'lig. 
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nant hamartoma, and in that ease the diagnosis rested solely on marked 
cellnlar proliferation and capsular invasion within the nodule. Recently there 
appeared a case report of a pulmonary osteochondrosarcoma that probably arose 
in a partly calcified hamartoma^-’^ and another report of a malignant hamartoma 
was published abroad.^-® In answer to our question about malignancy aiasing 
in a partly calcified nodule, 2 maljgnant hamartomas were cited (see Table 
VI), the one by Ballon referred to above,^”^ and another by Effler, as yet un¬ 
reported. We have also learned from Klcpser^-® that he too has excised a 
malignant hamartoma containing cartilage but no calcium. There seems to be 
little doubt therefore that malignancy can arise in the hamartoma, although 
it is apparently seldom that it does so. 

Pleural Mesothelioma. —The solitary fibrous type of pleural mesothelioma 
commonly creates the radiographic impression of a pulmonary nodule although 
in truth it is extrapulmonaiy. One of the major problems in categorizing the 
various solitary pulmonary nodules is the difficulty in differentiating localized 
pleural mesotheliomas from fibromas, fibrosarcomas, neurofibromas, and neuro¬ 
fibrosarcomas, for an}'' of which they are apt to be mistaken. Clubbing of the 
digits and arthralgia are frequent accompaniments of this tumor but were 
noted in none of the mesotheliomas in this series, due perhaps to the faet that 
the large mesotheliomas with which arthi’opathy is more apt to be associated'®® 
are excluded from this study. Even when present such signs provide no help 
in ruling out bronchial carcinoma. Moreover, regardless of their benignity, 
mesotheliomas warrant excision on their own merits owing to the tremendous 
size they may ultimately achieve. 

Unresolved Pneumonitis and Abscess. —On a few occasions chronic inflam- 
matoi’y processes will take the shape of a fairly well-defined pulmonary nodule. 
Since they are likely to be accompanied by symptoms such as liemoptysis (see 
Table IV) and because the margin of this kind of nodule is apt to be a little 
fuzzy, the resemblance to a carcinoma may be more striking than will the 
average nodule. 

Bronchogenic Cysts. —Those bronchogenic cysts unassoeiated with a bron¬ 
chial communication can distend with mucus or pus and thus assume the ap¬ 
pearance of a pulmonary nodule, ft was of interest to us that out of 6 such 
cysts that we have encountered, closer scrutiny showed 3 to have an anomalous 
blood supply from the aorta, thus throwing them into the category of intra- 
lobar bronchopulmonary sequestration (see Pig. 7). 

Bare Primary Benign Pulmonary Lesions. —The benign pulmonary lesions 
that in rare instances will px’esent as a solitary pulmonary nodule are almost too 
numerous to mention. They include an occasional neurofibroma, fibroma, ^ 
hemangioma, arteriovenous fistula, leiomyoma, lipoma, and even thymoma. Once 
again, histologic differentiation may be quite difficult, as witness a recent report 
on sclerosing hemangiomas of the lung in which the question is raised as to 
whether some lesions heretofore classified as xanthomas, granulomas, or postin- 
fiammatory tumors may not in reality represent sclerosing hemangiomas.'®' 
There is little doubt that there is room for improvement in our pathologic inter- 
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pretatioii of nianj' of these nodules, as is illustrated by one of our earlier nodules 
that had been originally interpi-eted by the pathologist as an infarct and was 
so labeled until recently when the application of special stains showed it to be a 
histoplasmonia. 

Almost without exception we have found something interesting and instruc¬ 
tive in each of the solitary pulmonary nodules in this series. 

' SnilMAKY 

This report represents the culmination of a study initiated in 19-16 concern¬ 
ing the significance of the solitary pulmonary nodule. Our own series of 215 
jicrsonally resected, nonealcified pulmonary nodules correlates well with the 
literature in illusti-ating botii the strong malignant propensity of these nodules 
as well as the improbability of distinguishing the benign and the malignant 
lesion by any means short of thoracotomy. 

Thus in our series, 17 per cent were malignant, 37 per cent being bronchial 
carcinomas. Clinical, laboratory, and roentgenologic data have been elaborately 
analyzed without finding any sign reliable enough to justify medical obseiwation, 
unless it be calcification witliin the nodule. After polling the members of 
The American Association for Thoracic Surgery on this highly controversial 
is.suo, namely, the reliability of calcification as an indication of benignity, we are 
convinced that minimal calcification within a .solitary pulmonary nodule, espe¬ 
cially when no more than a fleek or two, is unjustifiable grounds for assuming 
it to be benign. There remain certain patterns of calcification that render the 
possibility of malignancy so slim, however, that further observation seems 
warranted. These include those nodules with a large central calcific core and 
diffuse calcifio stippling, those with an inner ring or outer rim of calcium and, 
of course, those that are completely calcified. 

In this survey the two groups deserving the greatest attention were the 
bronchial carcinomas and the granulomas which together comprise 75 per cent 
of total nodules. Our primary concerns have been the prognosis of the primary 
carcinomatous nodules and the etiology of the granulomas. 

In determining survivorship of those with bronchial carcinoma, cell tyi)e 
aijpeared to have far less influence than did either the presence of symptoms 
or time lap.se between radiographic discovery of the lesion and operation. Our 
findings indicate that the small solitary circumscribed asymptomatic broneliial 
carcinoma recently detected in a fortuitous chest x-ray luis a 75 per cent chance 
of surviving five years if operated upon promptly. Lobectomy appears to be 
an adequate cancer operation in properly selected cases. 

Early in this study, all of the solitary granulomas, because of their gross 
appearance if nothing else, were presumed to bo “tuberculomas.” Ee-exam- 
ination of the tissue blocks in these cases by special staining techniques has 
been most revealing. Fifty-five per cent of the granulomas studied eontained 
Histoplasma and 7 per cent, Coceidioidcs, in contrast to but 17 per cent in 
which a tuberculous etiology could be established. The implications of these 
findings have been discussed in detail as have the various other types of 
solitary pulmonary nodules. 
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"We can only conclude that every solitary, noncalcified pulmonary nodule 
demands thoracotomy, that for those with bronchial carcinoma the absence 
of symptoms and promptness of surgery are apt to determine the chance for 
cirre, and that careful histologic study of the pulmonary granulomas will re¬ 
veal the majority to be of fungal rather than tuberculous origin. 
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Discussion 

DE. DONALD L. PAULSON, Dallas, Texas.—I rise only to present our figures for the 
survival rates on patients who have had pulmonary nodules due to bronchogenic carcinoma. 

(slide) This illustrates the distribution of tumors in 180 pulmonary nodules which 
Dr. Shaw and I have seen in the last ten j-ears; there -were 88 tumors and some 62 of those 
were due to bronchogenic carcinoma, an incidence of 34 per cent. 

(slide) If we are to discuss the indications for removal ivith a medical man and 
insist upon removal of most indeterminate pulmonary nodules, it is important that we be 
able to quote our statistics as to survival rates. This slide deals with 24 pulmonary 
nodules due to bronchogenic carcinoma which are asj’mptomatic, and reveals a 75 per cent 
survival rate for tivo years or more after resection. 

(slide) This deals with 41 sj’mptomatic lesions, in contrast to the first slide, and we 
see the survival rate drop from 75 to 38 per cent for a period of tivo years or more after 
resection for those nodules associated with symptoms. 

(slide) This is a combination of the two groups; in the entire group, whether or not 
the nodule was associated w'ith symptoms, the survival rate is 50 per cent for two years 
or more after resection. There were no surgical mortalities. Six of 14 patients have survived 
five years or more after resection. 

DE. ADEIAN LAMBEET, Neiv York, N. Y.—This is an extremely important study 
and it is especially timely to call attention again to the importance of exploring these 
peripheral solitary nodules for the possibility of carcinoma of the lung. I would like to 
congratulate Dr. Davis on his work in this respect. 

I should like to discuss briefly the factors influencing survival rate in these solitary 
pulmonary bronchogenic carcinomas. There are two factors that determine the survival 
rate in these tumors. The first is whether they are blood-borne in their metastasis, and the 
second is whether they spread via the lymphatics. If blood-borne metastasis has already 
occurred at the time of exploration, I do not think that anything the surgeon does is going 
to influence the survival rate. On the other hand, if extension occurs via the lymphatics, 

I think the determining factor is whether the involved lymphatics are going to be removed. 
For some time I have emphasized the importance of radical mediastinal lymph node resec¬ 
tion for carcinoma of the lung. It is difficult at present to evaluate results of resection 
mainly for one reason. This is, that at the time of exploration these nodes are not catalogned 
and are not identified for the pathologist, so that when one evaluates the survival rate he 
may say such and such a number of nodes w'as involved, and such a group was not. In 
resection for mediastinal involvement, I think one should remove the right and left 
bronchial nodes, the carinal nodes, and, by and large, the paratracheal nodes on each side, 
and send them to the pathologist to be identified as such, so that when the patient comes 
back you will be able to evaluate the patient’s survival with the extent of mediastinal 
involvement. In this respect, I should like to call attention to one other fact; that these 
lymphatic chains when blocked with tumor cells, will result in a flow of tumor cells to the 
other side in reverse direction, either to the upper lobe from the lower, or the lower lobe 
from the upper lobe, which is not usually mentioned in the description of lymphatic 
drainage by Poirer and Charpy and other authors. 

I want to again thank Dr. Davis for his fine presentation. 

DE. PEABODY (Closing).—I wish to thank the discussants and at the same time 
express our regrets that some of those who answered our questionnaire did not come for¬ 
ward to present examples of partially calcified solitary nodules that turned out to be 
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malignant So far as wo personally are concerned^ there is adequate justiftcation for the 
eonser^atno mauagemeut of tlio partially caltihcd nodule, provided of course the calcifica 
tion consist's of more than a mere fleck or two Granting that 150 odd malignant lesions 
containing calcium were reported bj members of the Association, a cartful analysis of 
these reports showed that tlie majontj were mmmially talcifled, and onl\ a few presented 
extensuo calcification In other words, wo tend to agree with Duane Carr, who replied in 
this fashion, '‘Recognizing the fact that calcium docs not absolute!} rule out maliguanc}, 
its presence within a malignant solitar} nodule is so rare that the chance of its being 
benign is better than the probabilitj of cure b} rt'*ectioii if malignant” One thing that was 
not mentioned, we would certainl} like the piticnt to ha%c a iiositne skin test for one of the 
three major granulomatous discises before igrceiiig to pursue a nonoperati\e plan of manage 
meat At the otlier extreme, we are thorough!} convinced of the danger in watching the 
ininimall} calcified nodule Observation of such lesions was almost unanimousl} condemned 
by those answering our qucstionnaiie, a point tint needs to be emphasized to the internist 

Having expressed ourselves so cmphaticalh on a subject still far from settled, it is 
our hope that those who feel dilferentl} will report their experiences for, as we see it, 
this entire issue is the most important question confrontiug the chest man todav 

One of the more interesting aspects of the problem is the matter of the lo} coses, 
several features of which deserve clanflcation or re emphasis For instance, Dr Davis 
made mention of the fact that the West Coast dots not have a corner on the coccidioidal 
market To bo complctel} honest about it, I must add that all oui patients with 
coceidiomas gave a history of having been in the ondemic zones, although in some instances 
It was for onl} a ver} brief period of time B} the same token, however, one does not 
have to visit the Mississippi Valiev to contract histoplasmosis which, next to carcinoma 
of the lung, is probabl} one of the more common spcciiic diseases wo see in the District 
of Columbia lliis includes, of course, histoplasmosis lu an exceeding]} broad radiographic 
spectrum 

(slide) For example, this shows four radiographicall} indistinguishable nodules Two 
are bronchial carciuoiiias, one represents intralobar bronchopulmonar} sequestration and 
the other a histoplasmic l}nipU node Although all four lesions are close to the lulus, 
the lateral view showed them to ho either antenorl} or posteriori}, so the} are included 
111 our senes of pulmonar} nodules 

(slide) This is the l}mph node which appeared t}picalh tuberculous but was teeming 
with Histoplasma The} can be a cause of almost anv pulmonar} picture including 
bronchiectasis, atelectasis, middle lobe s} ndrome, and so forth Dr Higgmson this morning 
got into the subject of mediastinal granulomas in his paper on superior vena caval obstruc 
tion Out of twelve resected mediastinal granulomas at the National I^aval Medical 
Center, I have found Histoplasma in 4 of the lesions and 2 others had violently positive 
histoplasmin skin tests Pathologists still manifest a firm reluctance to accept special 
staining methods for the demonstration of fungi (slide) Ihese are Histoplasma as seen 
in the methenamino silver nitrate technique of Gomori, a method with which we have had no 
experience but one about which Dr Lorenz Zimmerman of the Armed Forces Institute of 
Patholog} IS extremely enthusiastic 

The final point of our paper concerns the favorable prognosis of peripheral bronchial 
carcinomas unaccompanied by symptoms and operated upon promptl} Suivivorship in 
this group ranges around 75 per cent, a figure that coincides exactly with the one that 
Dr Paulson has quoted for this sencsl Unfortunately, his splendid paper (Minnesota 
Med 39 127, 1956) appeared too late for inclusion in our review for the literature 

Also, as the Mount Sinai group has repeatedly tried to bring out in the past and as 
Dr Jones’s group re emphasized yesterdaj, lobcctoni} seems to be a perfect!} acceptable can 
cer operation in properly selec: 



PULMONARY RESECTION FOR TUBERCULOSIS 

A Five- to Ten-Year Follow-up Study 

Jajies D. Murphy, M.D., Baltiiiore, Md., and James M. Daws, M.D. 

(by invitation), Jacksonville, Fla. 

T he high morbidity and mortalitj’- rates associated with excisional therapy 
for pulmonary tuberculosis had resulted in virtual abandonment of that 
means of treatment prior to 1943. Its revival, stimulated by the report of 
Churchill and Klopstoek’^ and later by the discovery of the bacteriostatic 
effect of streptomycin, is well known to those interested in thoracic surgery. 

At the beginning of the chemotherapeutic era we,- as well as others, Avere 
impressed by the favorable early i*esults obtained when the lesions of pul¬ 
monary tuberculosis were resected under the protection of streptomycin. It 
was generally agreed, hoAvever, that final CAmluation of this means of therapj’’ 
could not be made until a five- to ten-year follow-up study of these patients 
had been completed. We now have such a study on 148 patients who under¬ 
went 150 pulmonary resections during the years from 1946 to 1950. 

aiaterial and observations 

Eighty-three of our series were pneumonectomies and 67 were lobectomies 
or resections of units smaller than a lobe. Two of the group underwent a 
second resection giving a patient total of 148. The mean age of our patients 
was 28. The extremes were 20 and 56. There Avere 96 Avhite and 52 Negro 
patients. 

The racial distribution is of interest in that of the 52 Negroes Avho under- 
Avent resection 36, or 69 per cent, had pneumonectomy. This is in accord Avith 
the analysis of data presented at the Fourteenth Chemotherapy Conference^ 
Avhere it Avas shoAAui that Negroes coming to surgery often require more ex¬ 
tensive resections than Avhite patients. 

Streptomycin Avas the only antimicrobial drug used during the period 
covered by this series. Ninety-seven per cent of our patients received strepto¬ 
mycin during the pre- or postoperatHe period, or during both. One hundred 
and one of these Avere original treatment and 45 Avere re-treatment patients. 
The majority Avere gwen the drug for one Aveek before and tAvo Aveeks after 
operation, as Avas the custom at that time. Sensitmty studies Avere not avail¬ 
able in sufficient numbers to be significant. 

Eighty-fiAm per cent of the pneumonectomy group and 58 per cent of the 
lobectomy patients Avere classified as far advanced. Ninety-one per cent 
had positive sputum during the immediate preoperative period. The high 

From the Veterans Administration Hospital, Oteen, N. C. 

Read at the Thirty-sixth Annual Meeting of Tlie American Association for Thoracic 
Surgery at Miami Beach, Fla., May 7 to 9, 1956. 
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peiceiitage of positno sputum patients m this senes is lu marhecl contiast to 
the picsent day e\peiioiiee At the rouitceiith Chemotheiapy Coiifeienee® 
only 43 pel cent of 1,133 patients, who had a icsection duiiiig tlie iiievious 
yeai, wcie positiie at the time of siugeiy I'oity of the patients m this study, 
01 27 pel ooiit, i\eiL found to h.ue positive smeais oi cultuies at some time 
dmmg the postopeiatiie peiiod of hospitalization The conversion late was 
highci in the pneumoneetomics (77 pei cent) than in the lobectomies (67 pel 
cent), and pieopeiatue thoiacoplastj in the lattei gioup did not appaiently 
influenee sputum conveision Eighty five pci cent of the entue gioup had 
open lesions and all but 9 of these weie sputum positii e 

Thoiacoplastj failuie ivas the iiidieation most commonly found, followed 
by destioyed lung, and pneumotlioiax failure Thoiacoplasty was peifoimed 
111 41 pel cent of oui cases pieopeiatively, and 42 pei cent postopeiatively 
No eoneomitailt thoineoplasties weie done 

Bionehopleuial fistula oeciiiied aftei 15 pci cent of the subtotal icseetions 
and 26 poi cent of the pneuiiioncctoniics Chest wall sums, eaiiy spiead, 
wound iiitection, and delayed le expansion followed m oidoi of ficquency 
(Table I) While the occuiience of a bionehopleuial fistula must be icgaided 
as a most seiious complication, it was licaitcning to loam that many of these 
patients ueie sahaged Thiity two of oiii patients developed such a eomplica 
tioii and when oui study was concluded it was found that 44 pei cent of these 
weie at home with inactive disease Empyema without fistula was encountered 
only thiee times It should be noted that with the passage of time the num 
bei of patients who de\ eloped fistulas has incieased The late found in the 
piesent suivey was 21 as comiiaied to 15 per cent which was lepoited in an 
eailiei study of the same patients Eortj' six poi cent of the entiie gioup of 
leseetioiis nere followed by complications, and a gieatei incidence was noted 
in OUI white patients 


TlBir I COMl tlCATIOVS 



lOBECTOMY 

SEGMENTAI 

l NEUMONECTOMY 


TOIAI 


1 NO 

1 % 

1 NO 

1 % 

NO 

1 % 

BroncJiopJeural /istula without 
empyema 

10 

14 9 

22 

26 0 

32 

21 3 

Kmypema without bronchopleural 
fistula 

0 

0 

3 

36 

3 

20 

Chest wall sinus 

4 

59 

13 

lo 7 

17 

11 3 

Early spread 

3 

45 

10 

12 0 

13 

86 

Wound infection 

G 

89 

7 

84 

13 

86 

Delajed expansion or apical space 

8 

11 9 

0 

0 

8 

53 

Others 

14 

20 0 

23 

27 7 

37 

24 6 


Eighteen patients (Table II) died m the hospital without an inteiveiling 
disehaige and 8 died following dischaige The surgical mortality was thus 
9 pei cent while the total late was 17 pei cent The late was highei in the 
pneumonectomy gioup than in those patients who had a lobectomy or a seg¬ 
mental leseetion Thiee of the foui opeiative deaths weie due diicctly to 
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hemorrhage and one to cardiac ari’est which occurred in the early stage of a 
secondary resection. The fourteen postoperative deaths were due mainly 
to bronchopleural fistula or the sequelae thereof, pneumonitis, spread, cere¬ 
brovascular accident, tuberculous meningitis, and other various causes. The 
eight nonsurgical deaths resulted from malignancies, heart disease, diabetes, 
accidents, and other causes not related to the surgery. 


T.U3LE II. Mortality D.vta 





SURGICAL 







XUMBER 










OF OPERA- 

1 OPERATIVE 1 

[POSTOPERATIVE 1 

XOXSURGICAL | 

1 TOTAL 


TIOXS 

1 xo. 

1 % 

1 XO. 

1 % 1 

1 XO. 

1 % 

1 XO. 

1 % 

Lobectomy—segmental 

67 

2 


4 

6.0 

3 

4.5 

9 

13.5 

Pneumonectomy 

S3 

2 

2.4 


12.0 

5 


17 


Total 

150 

4 

2.7 

14 

9.3 

8 

5.3 

26 

17.3 


Follow-up information Avas obtained from results of recent check-ups at 
Oteen or other VA Hospitals and Regional Offices, or from completed forms 
Avhieh Avere sent to all of the patients in the series Avho could not be accounted 
for by the former method. We haA'e been able to obtain data on all of the 
130 patients discharged from the hospital alive, gmng 100 per cent folloAV-up. 

The folloAV-up data are recorded on Table IH. The “Excellent” category 
includes those Avho are at home Avith inactive disease, have essentially no symp¬ 
toms, and are Avorking. One must meet the same requirements to qualify for 
the “Good” group except that these patients are not Avorking. A “Fair” 
result Avas used to include those AV'ho are home carrying out reasonably normal 
lives but AAuth active disease or partially disabling symptoms and those Avho 
are in the hospital but Avithout eAudence of active disease. The “Poor” re¬ 
sult patients are still hospitalized Avith active disease. There is some question 
as to the advisability of separating the noiiAvorking from the Avorking group 
since many of those classified as “Good” Avere discharged from our rehabilita¬ 
tion division Avith an eight-hour Avork tolerance. For this reason, Ave believe 
that these tAvo groups should be combined. By doing so, Ave find that 107 pa¬ 
tients, or 72 per cent, of the original group of 148 patients are classified as 
satisfactory. The 15 patients in the fair and poor groups, as Avell as the 26 Avho 
died, regardless of cause of death, ax*e considered as unsatisfactory. No sig¬ 
nificant difference Avas noted in the percentage of satisfactory results Avhen 
studied on the basis of race. 


Table III. Follow-Up Data 



LOBECTOilY 

SEGIIEXTAL 

PXEUJIOXECTOMY 

total 

XO. 

1 % i 

1 XO. 

1 % 

1 NO. 

1 % 

Excellent 

27 

41.5 

42 

50.5 

69 

46.6 

Good 

23 

35.4 

15 

18.1 

38 

25.7 

Fair 

2 

3.1 

8 

9.7 

10 

6.8 

Poor 

4 

6.2 

1 

1.2 

0 

3.4 

Dead 

9 

13.8 

17 

20.5 

26 

17.5 

Total 

65 

100.0 

83 

100.0 

148 

100.0 
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Late reactivation has been a disturbing feature of this follow-up study. 
This problem was emphasized by Sweet^ in his report of oases treated by re¬ 
section during the pre-streptomycin period. An over-all total of 25 patients, 
or 17 per cent, developed a late reactivation. Twelve of these recovered, 7 
on medical therapy and 5 after secondaiy resections. Eleven treated medically 
remain active, one patient died of his disease and another following a second 
resection. 

DISCUSSION 

This series of resections ivas accomplished during the j'ears immediately 
following the introduction of streptomycin. Judged by present standards of 
chemotherapy, the duration of treatment was inadeciuate. A large percentage 
of the patients had far-advanced disease, open Ie.$ions with positive sputum, 
and were failures of other means of therapy. Many would fall in the cate¬ 
gory of salvage eases. Even so, we find that 72 per cent of 148 patients who 
undenvent a resection, and S2 per cent of those who were discharged from 
the hospital alive are at home with inactive disease. 

Developments in the field of chemotherapy since 1950 have been dra¬ 
matic. The addition of new drugs and impi’ovcd methods of application of 
the older ones have resulted in such a decrease in the size of the lesions and 
e.Ntent of resection necessary for their removal that it is impossible to compare 
surgery as done at the present time with the early series, or to make a prediction 
of results to be expected from such surgery. Drug resistance is still another 
important factor to be considered. It is felt, however, that data reported in tliis 
study arc of value as a record of results achieved by resection during the 
pioneer days of streptomycin therapy. 

SUMJIABY 

1. A series of 150 resections for pulmonary tuberculosis done between 
October, 1946, and April, 1950, is reported. Eighty-three of these were pneu¬ 
monectomies and 67 were lobectomies or resections of smaller imits than a lobe. 

2. The operative mortality was 2.7 per cent and the total mortality was 
17.3 per cent. 

3. Our study includes 100 per cent follow-up. 

4. Seventy-two per cent of the entire group, and 82 per cent of the pa¬ 
tients who left the hospital alive have obtained satisfactory results. 

5. Negroes often required a more extensive resection than white patients 
but did as well or better insofar as mortality, morbidity, and long-term 
follow-up were concerned. 
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Discussion 

PEODESSOE J. P. NUBOEE, Utrecht, Holland.—First of all, I want to thank you 
very much for the invitation to attend this meeting. It is an excellent one indeed. 

I should like to say a few words in discussion of the paper of Dr. Davis, which I 
appreciated very much. I congratulate him on his excellent results. 

As you perhaps know, tuberculosis in Holland increased greatly after the war. Noav 
the disease is under control again, the mortality rate for 1955 being 6.6 per 100,000. Our 
policy with regard to the treatment of tuberculosis differs somewhat from that in your 
country. About 30 per cent of our sanatorium patients are operated on, about the same per¬ 
centage as here. However, before the operation we give as little streptomycin as possible. 
In every case where the possibility of an operation is foreseen, streptomycin is given in 
the preoperative phase onlj^ under special indications, for example, in case of hematogenous 
spread or tuberculous bronchitis or extensive disease which is not possible to control by 
medical treatment alone. 

Para-aminosalicylic acid (PAS) treatment in the Dutch sanatoriums is a very rigorous 
regimen. During the preoperative phase, the patient gets in addition, para-aminosalicylic 
acid and isonicotinic acid hydrazide (INH). After the operation, streptomycin is given 
for about three months during the aftertreatment in the sanatorium, which lasts for at 
least six to eight months. 

Eesection therapy for lung tuberculosis was started in Holland in 1946. In the begin¬ 
ning, we had no streptomycin or other antituberculosis drugs. The results were disap¬ 
pointing at first, but as soon as we could use streptomycin there was much improvement. 

(slide) Until the first of March, 1956, in the surgical department of Utrecht Uni¬ 
versity Hospital, 1,173 lung resections were performed, 1,161 under cover of streptomycin 
and other drugs. 

(slide) The first 12 patients were operated on without streptomycin; the mortality 
was 25 per cent. In the other 1,161 operated on under cover of streptomycin, PAS, and 
INH, the mortality was 1.63 per cent. For the entire series, the mortality wms 1.87 per 
cent. In 6.6 per cent of the cases, we saw spread or reactivation; most of the cases were 
cured by different means. 

The late mortality in the series was 1.9 per cent. Some died of cancer, some as a 
result of accidents, several as the result of the original disease. Because practically always 
reactivation and spread were seen during the first months after operation, we are'convinced 
that the three- to ten-year results can be evaluated just as the five- to ten-year results. 
Our follow-up is 100 per cent, which is possible in a small and densely populated country 
like Holland. 

(slide) In the series of patients operated on live to ten years ago, 98.5 per cent of 
the surviving and 85.7 per cent of the total group have negative sputum on culture, and 
are working or able to work. 

(slide) The results in the group operated on three to ten years ago are about the 
same, 97.5 per cent of the surviving and 90.5 per cent of the total having negative sputum 
on culture. 

In Holland, we are rather satisfied with the results of resection therapy in lung 
tuberculosis. 

DE. JOHN MAXWELL CHAMBEELAIN, New York, N. Y.—Before this Associa¬ 
tion, during the last nine years, we have reported on our results in segmental resection. 
First, we reported on the first 100 eases, later on 200 cases and, finally, three j'ears ago 
on the follow-up of 300 cases followed for two to live years. In view of the fact that our 
first segmental resection was done in 1947, we do not have a ten-year follow-up such as 
that of Dr. Murphy and Dr. Davis, but we do have a five- to nine-year follow-up on 150 
cases, and Dr. Klopstoek has just sent me in a letter the last word on the first 161 cases 
on which we performed segmental resection between 1947 and 1953. 

There are now 135 of the 150 we were able to follow; 135 classified as living and well, 
-n^ith negative eultures, negative S-rays, and working or capable of working. Six patients 
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THE ROLE OF CHRONIC OCCULT POSTRESECTION FISTULAS 
IN THE REACTIVATION OF TUBERCULOSIS: 
PATHOGENESIS AND TREATMENT 

JoHisr W. Bell, M.D.'"' (by invitation), and Edgar M. jMedlar, M.D.f 

(by invitation) 

SUNilOUNT, N. Y. 

I N CONSIDERING the etiology of tuberculous reactivation following pul¬ 
monary resection, little attention has been given to the xiossible association 
of chronic occult bronchial fistulas. AVith reports of resection for pulnionaiy 
tuberculosis ever increasing, we believe this iniiiortant postoperative phe¬ 
nomenon should be given additional emphasis and amplification as a definite 
elinieopathologie entity. 

In a recent paper, Franz and Murphy^ described 4 cases of masked bron¬ 
chial fistulas. Only one of these patients, however, had evidence of persistent 
tuberculous activity. AVe prefer the term “occult,” rather than masked, as 
suggested by Alurphy. AA^hile the average postoperative bronchopleural fistula 
is overt in its manifestations, the occult fistula is characteristically silent. Fol¬ 
lowing surgery, such a fistula may be xpresent for a period of two years or 
longer (Fig. 1), while the patient remains completely asymptomatic. 

MATERIAL 

A study of 8 patients, with postresection tuberculous infection of the 
operative site, forms the basis of this report. Because the clinical pattern, 
type of primary and secondary operation, pathologic and bacteriologic findings 
were similar for the entire group, they will not be described individually. 

At the time of the original resection, the patients were being treated with 
drug combinations, consisting of two major drugs in 4, and three major drugs 
for the other 4 (Table I). A re-treatment program had been advised in 7 
eases to achieve sputum conversion, in spite of persistent cavitary disease. 
One patient arrived at the open negative state as a result of original chemo¬ 
therapy. Four of the remaining 7 patients were sputum negative prior to 
surgery as the result of a re-treatment drug regimen. One patient had re¬ 
ceived thirty months of chemotherapy and had ancillary collapse measures of 
both pneumoperitoneum and pneumothorax before resection was contemplated. 
The reappearance of a left upper lobe ea^dty, following abandonment of the 
pneumothorax, led to a recommendation for pidmonary resection. 

From the Veterans Administration Hospital, Sunmount, N. Y. 

Read at the Tliirty-sixth Annual Meeting: of The American Association for Thoracic 
Surgery at Miami Beach, Fla., May 7 to 9, 195G. 

’Present address: 761 Stimson Bldg., Seattle, tVash. 
fDeceased. 
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Fig 1 —A Preoper'itise 2 cm ca\U> posterior segment right upper lobe 
B, Preresection thoracoplasty right 

C Nine d'iys postre'jection (apical and posterior segments) slioiving persistence of local 
pneumothorax 

D T^\o >ears after bisegmental resection Pneumothorax pocket in exactl> same area 
as immediatelj postoperativelj sputum continuous!} positi\e 
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Table I. Chronic Occhlt Eistclas 
Data Prior to Besection —S Patients 


CHEMOTHERAPY 

COURSE 

I MAJOR I)KU</S 

1 

duration 

Original treatment 

i SM,* PASi 

INHt added between 
resections 

3 

2 

Four to 30 months 

Re-treatment 

7 SM, INH 

Viomycin added between 
resections 

1 



SM, PAS, INH 

Viomycin added between 
resections 

4 



* SM-—streptomycin, 

tPAS—para-aminosalicylic acid. 

tINH—isonicotinic acid hydrazide. 


Only one of the group had tubercle bacilli completely susceptible to both 
drugs in the last preoperative or preconversion sputum (Table II). The sig¬ 
nificance of organisms resistant to one or more drugs in the sputum of the re¬ 
maining 7 patients was not appreciated at this time. A cavitary lesion was 
present in the upper lobe of 7 patients at the time of surgery, while in one 
patient a pre-existing cavity had closed some two months before resection. 


Table II. Chronic Occult Fistulas 
Data Prior to Resection—S Patients 


BACILLARY RESISTANCE IN 
PREOP. SPUTUM 

SPUTUM STATE AT OPERATION 

STATUS OP LESION 

Susceptible 1 

Negative 5 

Cavitary 7 

One drug 3 

Positive 3 

Noncavitary 1 

Two drugs 2 



Three drugs 2 




In every resection performed in this group, an effort was made to excise 
all palpable disease in the unilateral lung’. This was accomplished, with the ex¬ 
ception of fine 2 to 3 mm. scattered seeding, by primary resections ranging 
from multiple wedges up to a maximum of two segments (Table III). 


Table III. Chronic Occult Fistulas 
Postresection Tuberculous Reactivation—8 Patients 


TYPE PRIMARY RESECTION 

BACILLARY RESISTANCE IN 
SPECIMEN 

TUBERCULOUS REACTIVATION 
POSTOPERATION 

One segment 2 

Susceptible 1 

Tliree weeks to 3 months 

Two segments 4 



Multiple wedges 2 

Two drugs 3 




■ . 


At the time of resection, in each instance there was no gross spillage of 
caseous material, and it was believed that the tuberculous lesions had been 
completely encompassed. There tvas no macroscopic evidence of endobronchial 
disease in any case, either by preoperaUve bronchoscopy or observation at the 
time of bronchial transection. 

In each patient, tubercle bacilli were recovered by culture from the re¬ 
sected material (see Table III). Again, in only one specimen were the or- 
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ganisins susceptible to the diugs being administeiecl It is inipoitant, and this 
was leah/ed only in ictiospect, that equivalent oi gtcatci lesistanoe was found 
in the oigdinsms iceoicied fiom tissues than was piosent in the pieopeiative 
sputum cultuies Jloieoici, half of this gioup had negative spiitmn foi three 
to flve months piioi to thou fust itsection (see Table 11) 

DLIGNOSIS jlM) CLINICIL SYNDROME 

The absence of any subjective syinptoins, diiectly sttiibutable to a post 
lesectioii fistula, inci eases the difficulty ot diagnosis One of oui patients 
failed to gam weight postopeiatively, in spite ot nutiitional supplements The 
lemaining 7 iieie completely asymptomatic 

The oidinaiy eongestii e changes in the lung lesulting fiom the ti luma of 
wedge 01 segmental lesection usually lesolvc in \aiying degiee dining the 
fiist postopciative month Peisistcnce of a hazy density beyond this peiiod 
suggests 11101 e than an opeiative defect (Pig 2) Ihc development of a semi 
aimulai shadow, usually without an air fluid le\et mil indicate an occult 
fistula (Figs 2 5) The lespective eontiibntion of paiemhymal induration oi 
pleuial fluid to the density inei eases the difficulty of ladiologic interpieta 
tion 

The fact that a pseudocavity may be bounded on all sides bv parenchyma 
or on the third side with paiiotal chest wall, makes the use of planigiaras al 
most mandatoiy foi the ieeogiiitioii of these defects Body section pla 
nigiaplvy, at the level of the segmental stump (see Pigs 2, 4 5) may leveal a 
pyiamidal oi aiinulai ladioliicency This configuiation can easily bo ignoied 
on the routine postei 101 anteiioi chest film 

A fiuthei diagnostic aid in the dcmonsti ation of an occult fistula and 
paiafistuloiis space is bionchoseopy and bioiiehogiaphy Dionchoscopic in 
spcction of the segmental stump may reveal seieial black silk sutuios em 
bedded in gray, edematous gianiilation tissue, lathei than a well healed stump 
Instillation of ladiopaque media may show paitial filling of the parafistuloiis 
cavity, with clubbing oi a blob of oil just distal to the level of segmental stump 
tiansection (Pigs 5, 6) 

Tuberculous leactivation almost invaiiably was suspected iadiologically 
befoie bacilli leappeaied in the sputum Tins situation, of couise, peitaiiis 
only to those patients opeiated upon while in the sputum negative state Bae 
teiiologic lelapse in the piesence of seiial n ray evidence of slowly lesolviiig 
infiltration, at or neai the lesection site, leaves little doubt of tiibcieulous le 
activation 

In this gioup of reactivations, associated with occult fistulas, both n lay 
and baeteriologic evidence was confirmatoiy by the third postopeiative month 
(see Table III) 

AVhile not so dramatic as the postoperative reappeai ante of bacilli seen in 
the open negative patients, the failnie of a lesection to altti a pieopeiative 
positive sputum may be sufficient evidence to suspect a tiibeiciiloiis infection 
in the operative site, paiticulaily if the coutialateial lung is fiee of active 
disease 
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Psoudocavity 


Occult fistula apical 
posterior stumps 


Anterior segment 
bronchus 


Lingular bronchus 


Pig. 2 .—Aj Two months after resection of apicoposterior segments. Patchy infiltration 
persists in left upper lobe. 

Bj Planigram showing semi-annular shadow at resection site. 

G, Gross specimen, left upper lobe, from secondary resection. Pseudocavity (4 cm. in 
diameter) lined with necrotic tuberculous granulation. Arrow indicates occult fistulas of seg¬ 
mental stumps. 
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Pveu»lyci>jty 

Occult fistuK 

^p^cal posterior stumps 

Pulmon IT} irtcr;) 

Lingular hronelual stump 

Left upper lobe bronthus 


Left louer lobe 


C 

yifr .— I Preoperati^e x-ray reveaJms twin cavities In left upper Jobe, 

H Ore n Pth following apicoposterJor segment resection Semi annular pneumothorax 
per It n 'J- ^ r'^section 

I I r j e nen left upper lobe from postmortem. PseudocavJty (C cm in diameter) 
full , f bl 1 It '1 lined with tuberculous tissue Arrow indicates occult fistula and site of 
erosx I’ ut lu' rar> \ein causing fatal heroorrJiase 
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Pseudocavity 


Occult fistula 

apical segment bronchus 


Occult fistula 

posterior segment bronchus 
Anterior segment bronchus 


Riglit upper lobe bronchus 


Fig. 5.— A, Bronchogram, six months after resection of aplcoposterior segments, right 
upper lobe, revealing puddling of oil just distal to segmental fistulous stumps. 

B, Planigram, six months postoperation, showing annular shadow with air bronchogram 
of segmental bronchial stumps at apex of defect. 

C, Gross specimen. Remainder of right upper lobe removed at secondary resection. 
Pseudocavity, with many black silk sutures, in wail connecting directly with Infected fistulous 
tract. 
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Fig. G.—-I, Bronchogram, two years after bisegmental resection, outlining configuration of 
pseudocavity. 

B, Diagram showing semi-annular shadow with occult fistulas at apex. 

C, Oblique bronchogram. 

D, Spot bronchogram revealing detail of puddling at segmental fistulous stumps and filling 
of anterior segment bronchus. 
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PVTIIOOLNl-SIS 

III our e\i)euenco, the posticsectiou iihcnomena o£ a cluomo tubeiculous 
fistula and a paiafistulous space aie due to tuo iactois lucthauRul uul iiUcc 
tious The lung adjacent to the wedge shaped dtfett itsulting fiom a seg¬ 
mental excision must expand and undcigo icadjustmcnt dining the iinincdi- 
ate postoperative peiiod The inannei in nhich this takes place depends i 
gieat deal on the relation of the opeiative area to the chest wall, oi the ex- 
pandibilitj of adjacent parencliyina and the lucasurcs which the siiigeon takes 
to aid natiue’s loconstitution of the lung 

A space icniaiiung at oi neai the opeiatne site may fill with blood oi 
seiofihiinous exudate This fluid may be an ideal eiilturo medium ioi a local 
tubeiculous empyema As (ding lesistant) bacilli floinish, the segmental 
bionchial stump, oiiginally adequately closed by sutmes, can bioak clown 

Once bionehial communication has been estiblished, and the liquid eon- 
tents sloughed, the inoiphology and bchavioi of the new cavity is quili similai 
to a fj pical tubeiculous car ity Designated a pseudocavity because one of the 
bound Hies may be paiietal pleuia lathci thin completely enclosed by lung, 
this infeeted space may be laigci than the cavity foi which the piiiimy le- 
section was pelfouiicd (Fig 7) 

Maooscoinc Findxngi, —Gioss exaiiiination of these infected opi lativo sites 
leieals a rathei unifoim appeaiance (Pigs 2 5, 7, and 9-1) The innei suilaee 
IS granular, iiiegulai, and lined foi most of its extent by giayish led neciotie 
tissue The bronchial stumps aio dirty and unhealed Clack silk sutuios scat¬ 
tered about the innei wall aie a common finding in most of the spctimons 
Theie may ot may not be a well delineated wall between the infected psnido- 
cavity and the adjacent lung tissue 

Mtcroscopto Fiiidtiigs —A common finding in six of the eight secondary 
specimens (sexen obtained at secondarj resection and one at post-mortem) was 
a caxity wall lined xvith ncciotie matciial of vanablc thickness In some re 
gions, this neciotic zone was extremely xvidc and within it the foimei stiiu- 
tuie ot the lung parenchyma may still be discernible Beyond the necrotic 
tissue there was a zone of scai tissue xvhich xaiicd considerablj m thickness 
and celliilaritv in diffcient areas, but this zone of fibrous tissue appeirs to he 
continuous between the necrotic tissue and the adj.icent lung pireiithyma 
This finding indicates that the tuberculous disease m the lung e in h irdly 
has c arisen bj a penetration of the infection into the lung substance 

The majoi factor in the etiology and dissemination of tuberculosis in 
these patients is found in the nature of the fistulous tract Those specimens 
of partieulai interest which eontrihnto to an undeistanding of the pathogene¬ 
sis w ill he described briefly, but in detail 

CeSFBEPOBTS 

( 1—(Fig 2) Sections through the fistnlous tract (Fig 8, A) that is fonnti-ti 1 

ivath upper lobe bronchus «how aliuo-t the entire surface to be necrotic ti-sue that is 
nmtp 1 u’-aL infiltrated with neutrophils Ptionl this necrotic layer, there is i iiell 
forme I ar which separates the tract from the surrounding tis-ne The larger hronchnl 
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Fig. 7._A, TWO centimeter cavity in posterior segment, wTrSn! 

B, Three centimeter pseudocavity, at of wedge resection, our j^ry resection, 

r- Prn-?«! soecimen superior division, left upper lobe, removed at seconuary 
sliowing 3 cm. infected operative site and occult tuberculous fistula. 
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Fif?. 8.— A, Photomicrograph (X15: reduced %)* "Occult fistulous tract"—the entire Inner 
surface is necrotic and heavily infiltrated witli neutrophils. Beyond necrotic zone, there is a 
zone of scar tissue, separating the tract from surrounding tissues. 

B, Photomicrograph (X15; reduced %). Section of lung adjacent to fistulous tract. Many 
foci of tuberculous pneumonia. Fresh lesions, both necrotic and non-necrotic, from bronchial 
dissemination. Large bronchus in lower left quadrant contains necrotic debris and shows 
necrosis of bronchial wall in these areas. 




Fig-. 9.—J-j Gross specimen, remainder of right upper lobe (same case as Figs. 1, ,6) 
revealing occult fistulous tract leading directly to pseudocavity at segmental resection site. 

B, Photomicrograph (Xl5: reduced through tuberculous fistulous tract, with the sur¬ 
face necrotic in sizable areas. Two sutures are seen and around both there is necrotic tissue. 
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structures m th«, lular region show no evidence of necrotic eudobronchnl tuberculosia, but 
nil show consileralli, lyniphoc>tic infiltration of the nmcoii 

Thtrc art sdorul foci of suturo niatennl in the tis‘.uc idjiccnt to the sinus tract Most 
of the«o show no mfininmnlor) reaction, ind arc surrouiulel bv scar tissue However, m 
this luhr portion two sutures ha\e tuberculous lesions A\ith necrosis about them fliin 
situation su„'geal’^ tliat there had been on implanted tuberculous infection at the time of 
the proMOus surgery 

C\gE 2—(Figs 1, 0, 9 ) Sections through the fistulous trict (Fig 9, i?) show con 
mdoriblo scar ti'^sue, with tlio surface being necrotic iii sizable areas In this portion, there 
are two “jutures, and around both there is necrotic tis-^ue No e\i<lence of tuberculous 
lufection of the \ xrger bronchial branches in the hilar region is found 

Summdiij of Pathology —appeals that, in tins gioup of seven specimens 
(secondaij icscctionsi iJie tubeiciilous mtoKcmcnt is iclated to an implanta- 
tioii infection at tin time of the piimai.! resection, rathei than to a neeiotic 
endohionehial tul cn 1 1 isis that was piesent at the time of suigerj The pics 
cute of sutuie i it n J diicetiy imohed m the ntciotie tuberculous disease, 
IS ddditiou.il 1 1 II to suggest that impiaiit.ition mtcctioii had occuirtd 
,it the time t t ft t peration 

In foi t li I nmens, lecent toei ot lobulai pneumonia weie tound m 
the parti i ' iit to the fistula (Iig 8, 2?; In several lesions, bionchi, 
ill due 11 1 iM 11 with these aieas, contained ncciotic debus These Ic 

sions II ninlv the lesult of endobionthiai dissemination tiom the sinus 
tiac ^ '' dtd that the surgeons leiiiovcd all palpable disc.isc in 

the I nil iv ii 1 It IS piolnhle that aU of the lecent tuberculous disease 
til tl'sr sp iim/ns ‘fed from endobroncJiiol dissemination from and suhse 
quent 1 1 till I matin f the tuberculous fistulous space 


''temmeiiiniin Diiiifls, and Auerbach' have studied the pathogenesis of 
bioi hopleunl fistulas jollovving cxcisional therapy for pulmonarj tubercu 
losis Tliev mention 0 rises of postoperative fistulas, I of which aie described 
in d il Toui of thcsr five fistulas occurred after pneumonectomj or lohcc 
torn' Iv one following a segmental resection Again, four of these five speel 

mens ' studied at m t lopsj rathci than at seeondarj thoraeotom> They 

bclicv t the nieehanism r f the fistulas could be considered under two causes, 
eifhei I Sion hj an extrinsic lesion, as a local tuberculous empvema oi l,niph 
node faetois intrinsic to the bronchus, as poor closure, extension of ul 
eerati tndolnonchilis or delajcd infection of the stump fioni parenchjinal 
1 ns r’rom a consideration of the time relationships m the clinical tourse 
'^d’th pathologic evidence, they concluded that, in most mstanres, a tuher- 
^ npvema°Iiad preceded and contributed to the formation of the fistula 


It mav be 


lecallcd that none of these cases received what would be con¬ 


sidered satisiactoiy 


cheinothr rapv by present standards, and each resection 


mod out m the presence 


ot known or probable drug rcsestaiit bacilli 


Thi high incidence 


of tuhcreiilous bronchial disease was w ell known m the 


r,lkd monetr yta'’"’ 


chemotherapy Ovcrholt and eo vorkers’ (1949) 
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reported finding bronchial involvement in 64.5 per cent of resected post- 
thoracoplasty specimens, while Anei-baeh' (1949) found an incidence of 42.1 
per cent in one thousand consecutive autopsies on tuberculous patients. 

More recently (1953) Olson, Jones, and Angevine® discovered some degree 
of endobronchial tuberculosis in 40 per cent of 602 surgical specimens. Roll® 
carried out a study of bronchial stump ulceration following resection, and 
noted an incidence of 24 per cent in four hundred resections. A significant 
finding in this series was the prevalence of stump ulceration in those patients 
who had drug resistant bacilli at the time of surgery. 

Medlar'^ has foxind that true “ulcerative” tuberculous endobronchial 
disease is uncommon. The majority of bronchitis is a superficial mucositis 
resulting from the sloughing of necrotic debris from an adjacent parenchymal 
cavity. When the actual sloughing is reduced or eliminated by collapse, 
resection or chemotherapy, the secondary bronchitis subsides. 

We do not concur in the rather widespread belief that most broncho¬ 
pleural fistulas result from transection through unrecognized tuberculoiis 
endobronchial disease. 

The acute or frank fistula in the early postoperative period may result 
from mechanical factors relating to the remaining lung, or to the blood sup¬ 
ply or closure of the stump. Chronic fistulas, whether overt or ocexdt, do not 
necessarily result from, or are associated with, tuberculosis. Several of our 
patients, and several in Murphy’s report, were seen in many months, and even 
years, after resection, with hemoptysis or excessive cough, yet with no evi¬ 
dence of bacteriologic relapse. 


TEEATJIENT 

No secondary measures, whether re-treatment with new drugs, postresec¬ 
tion thoracoplasty, or secondary resection, are as important as the original 
prevention of these medical-surgical failures. Our entire concern in this 
study has been an analysis of the factors Avhich predispose to this complica¬ 
tion. These will be summarized: 

1. Chemotherapy Control .—Previous experience with pulmonary resection 
in patients with closed or open (cavitary) lesions, Avhether sputum negative or 
positive at the time of surgery, has yielded uniformly good results, pi'ovided 
drug coverage was effective. 

With the exception of the patient herein reported (see Table II) who 
demonstrated tuberculous reactivation following excision of a noncavitary 
lesion, there have been no other instances of tuberculous complications in a 
group comprising 80 patients with closed lesions. 

The results of resection in a larger group of 150 patients, who had residual 
annular shadows and negative sputum for three months prior to surgery, the 
so-called “open negatives,” were equally satisfactory.® However, in the past 
three years, 8 patients treated with multisegmental resections, have demon¬ 
strated both x-ray and bacillary relapse postoperatively. In 5 of these pa¬ 
tients, included in the present study, the tuberculous reactivation was associ- 
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<ited with an occult segmental stump fistula The lemaining 3 patients had 
\ lay evidence of evudative disease in the paionehjma adjacent to the le 
seeted segments Diagnosis of an occult fistula was not ceitain, howecei, 
and foi vaiious leasons, seeondaiy lesection was not peifoimed 

A uiiifoim finding in each patient with this complication nas the dem 
onstiation of tubeiclo bacilli in the leseeted specimen, with significant le 
sistancc to one oi moie dings 

Review ot the baeteiiologic data of each jiatient levcaled beginning le 
sistanee to one oi moie diugs piioi to the time of sputum ooiiveision Be 
cause of the absence of tubeieulosis moibidity in the open negative patients 
with susceptible oiganisms piioi to suigeiy, oi in the lesected specimen, it 
was felt that effeetive chemotheiapy was the most impoitant considciation 
foi a safe icsection 

Those patients who had both cavitaiy lesions and positive sputum at 
siirgeiy exhibited a similai eoirelation ” In othei words, those patients with 
bacilli lesistant to one oi moie diugs had two to tliiee times the incidence of 
posticsection tuberculous complications as those witli susceptible oiganisms 

Thus, the incidence ot tubeiculous moibidity in each gioup, whether 
sputum positive oi negative, and whcthci open oi closed lesions, although al 
most insignificant in the lattei, appeals to paiallel the ultimate effectiv'eness 
of the antitubeiculous agents 

2 Type of Resection —Because of the anticipated and actuallj highei in 
cideuco of tuberculous complications in patients with pool antimicrobial con 
tiol, we believe ocitain opciative pieeautioiis should be taken with these 
patients, which do not appeal neccssaiy in the group with completelj siis 
ceptible organisms Tliose will be summaiized 

1 Avoid spillage of neciotic tubeiculous mateiial (In this event, copious 
11 ligation of plcuial space, change of gloves and suction tip ) 

2 Avoid wedge or segmental lesectioiis which allow naiiow cleaiaiiee of 
cavity beaiing aieas and may cut acioss heavily seeded iiitersegment-il planes 

3 Insuianee that lemainiiig lung tissue will use up ovei and adheie to 
the aiea of the bionchial stump 

4 Measuies to eiicouiage piompt expansion and eliminate space piob 
lems, (a) leconstitution of incomplete fissuies, (b) division of infeiioi pul- 
monaiy ligament, and (e) selective use of pneumopeiitoiieum 

Since the chronic occult fistulas described in this icpoit weie a complica 
tioii of lesection theiapy, it was with some tiepidation that seeondaiy lesec- 
tions weie advised As mentioned, one patient died of pulmonaiy hemoiihage 
befoie the occult fistula was diagnosed oi icsection could be planned The 
second patient, the only one of the gioup with susceptible bacilli in tissue eul 
ture, had a segmental resection as a successful seeondaiy opeiation when a 
deep wedge had been done piimaiily In the lemaining 6, all with lesistant 
bacilli in the primary specimen, seeondaiy lobectomy was the only alternative 
Each operation was difficult because of inflammatoiy icaction iieai the seg¬ 
mental stump and pulmonary arteiy In one instance, an uiieontiollable 
laceiation m the arteiy necessitated a pneumonectomy (Table IV) 
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Table IV. Chronic Occult FistuliVS 
Surgical Treatment—Tuberculous Reactivation 


TYPE OP SECONDARY 

RESECTION 

1 CURRENT STATUS 


None 

1 

Dead 


Segment 

1 

pulmonary hemorrliage 

1 

Lobectomy 

5 

Inactive 


Pneumonectomy 

1 

six to 36 montbs 

6 



Active 




contralateral side 

1 


The unexpected success of lobectomy in arresting unilateral disease after 
a postresection tuberculous reactivation, strengthened our impression that 
whenever this type of hacteriologic background exists, lobectomy should be 
the choice at primary resection. Although the fistulous tracts were all infected 
with tuberculosis at the segmental stump level, it is significant that resection 
just a few millimeters lower; for example, at the level of the lobe bronchus 
did not result in any fistulas or stump ulcers. 

The present status of this small group is of interest (see Table IV). Six 
of the group have been inactive for periods ranging from six to thirty-six 
months. One patient has a small superior segment cavity in the contralateral 
lung and is being retreated with eyelosevine. 

^VND CONCLUSIONS 

1. Eight eases of chronic occult bronchial fistulas are described follow¬ 
ing segmental excision of all palpable tuberculous lesions. Each fistulous tract 
became infected and resulted in the endobronchial dissemination of new dis¬ 
ease in the adjacent lung. 

2. The sputum of 5 patients had been negative by culture for at least 
three months prior to resection. Seven of the group had culture positive 
specimens, which yielded tubercle bacilli with equivalent or greater resistance 
patterns than were apparent before operation. 

3. The clinical syndrome, which is notable for its absence of subjective 
symptomatology, is described. Recognition that such complications may occur 
in patients with open lesions, regardless of the sputum state preoperatively, 
particularly when drug resistance is apparent, will facilitate the diagnosis. 
Other diagnostic aids are discussed. 

4. The role of a local postreseetion space and uncertain antituberculous 
drug control in the pathogenesis of chronic tuberculous fistulas and adjacent 
parenchymal reactivation is described. 

5. Careful microscopic study of the specimens obtained at secondary 
thoracotomy, and the known duration of the new tuberculous lesions, indi¬ 
cates that all occurred subsequent to spillage from the fistulous tract. There 
was no evidence of endobronchial tuberculosis at the level of bronchial transec¬ 
tion in the primary specimens. 

6. Many patients with various degrees of resistant bacilli evident pre¬ 
operatively do not have tuberculous complications. However, the majority of 
patients with these complications are found in this group. 
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7. Tliis study reaffiims the importance of careful “tailoied to bac¬ 
teriology” surgery at the time of resection m patients with uncertain diug 
control. A wide, clean type of resection, usually a lobectomy, was immedi¬ 
ately successful in this group with oecult fistulas when a pievious biseginental 
excision had failed. 
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DiSCUSStON 

DR JOSEPH GORDON, Albuquerque, N M—It jilcascs mo very much to see this 
presentation coming out of Sunmount In 1954, at tho Montreal meeting, some of jou 
may recall that in discussion of one of the papeis, I presented tho information that 
bronchography uas important as an adjunct m domonstiating a bronchial communication 
in anj persistent space following resection. At that time, I had left Ray Brook shortly 
before and was then associated with tho work at Sunmount as well, but was unable to 
present the paper formally. However, wo did continue with the work at Albuquerque at 
tho ’Veterans Hospital, and have found that it is indeed relatively easy to demonstrato 
a bronchial communication in most cases in which the pneumothorax persists This is 
an important feature, because as you may' have seen here, and as we have had experience 
in the need to correct this asymptomatic space As time goes on, infection may bo ex 
tended to the point where re operation requires extensive surgery, even to pneumonectomy, 
to solve the patient's problem In any instance, where there is delayed expansion of the 
lung or persistence of space, or almost re expansion of the space but a small strip remain*!, 
it IS most important to try to demonstrate by everv means possible, chiefly by bron 
chography, the presence or absence of a bronchial iistula It is even important in in 
stances where a so called tailoring thoracoplasty is used to obliterate tho remaining space, 
that care be taken to demonstrate whether or not tho space still persists under tho 
thoracoplasty. This can be done with tho aid of contrast medium. I believe that m any 
instance where the space persists, tho diagnosis of presumptive bronclual fistula should bo 
considered until such time as it is completely ruled out I am pleased to see this work 
so well presented today 

DR ALFONSO TOPETE, Guadalajara, Mexico —1 appieciate very much tho oppor 
tunity' of discussing this interesting paper. I believe the problem of bronchial flstula after 
pulmonary resection is still present, mainly in resection of tuberculous pulmonary tissue, 
and especially in lobectomies and pneumonectomies 

I should like to say' a few words about an experimental work wo liivo been doing 
tor the last three years in tho University of Guadalajara, Mexico. 
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A group of 100 (log.s have been subjected to pneumonectomy and after the closure 
of the bronchus, we then covered the stump, applying freeze-pre.served (-10°) superior vena 
cava which is sutured to the bronchial and peribronchial tissue using fine atraumatic 5-0 
Dehnatel sutures (separate or continuous stitches). Groups of dogs have been sacrificed 
from 48 to (i months after operation. 

(slide) This is a gross specimen of an animal sacrificed 15 days after operation. We 
see the firm consolidation of venous tissue over the bronchial wall. 

(slide) This is a microscopic section of a dog sacrificed one month after operation. 
We see the intense fibrous reaction which covers bronchus and venous tissue. 

(slide) This is a microscopic section of a bronchial specimen of a dog sacrificed 0 
months after surgery. It is interesting to note that it is almost impossible to recognize 
venous tissue because of the great fibrous reaction. Wo believe that this strong reaction 
which appears very early after wo cover the stump with vena cava iielps a great deal in 
obtaining a firm closure of the bronchial stump after resection. Some of the veins have 
been kept for as long as 100 days before use, according to our special procedure. 

During the last year and one-half, we have used this procedure in 24 human patients 
who were operated on at Zoquipan Hospital. In tliose patients, wo used human superior 
vena cava. All were tuberculous patients subjected to upper lobectomies and pneumonec¬ 
tomies. One patient died fifteen daj’s following right pneumonectomy. The autop.sy 
showed as cause of death, cardiac failure. The bronchial stump showed a good fibrous re¬ 
covery. 

The remaining patients are now under good control. 

DR. BELL (Closing).—I do not wish to leave the impression that all postrcscction 
reactivations in tuberculosis are necessarily asssoeiated with chronic occult fistulas. They 
may or may not be. In many instances, however, of postrcscction reactivation, their pres¬ 
ence should bo ruled out if possible. Wo have seen chronic occult fistulas without any 
evidence of tuberculous activity up to two or three years postoperatively. On the other 
hand, they may be associated with periodic hemoptysis or secondary infection, and may 
need treatment. Another point is that careful microscopic examination of tissues, removed 
at the primary resections in this group, did not show any evidence of unrecognized endo¬ 
bronchial disease. It is also of particular interest that a lobectomy was successful in ar¬ 
resting the disease when carried out at a level only a few millimeters lower than the 
level of the occult fistula segmental stump, yet we hail no stump ulcers or fistulas of the 
lobe bronchus in the series. 


EXTRjVPERIOSTEAL PL01IBA6E THORACOPLASTY: OPERATIVE 
TECHNIQUE AND RESULTS \VITH 161 CASES WITH 
UNILATERAL SURGICAL PROBLEMS 
Nokjian J. Wilson, M.D., Orlando Armada, M.D. (by invitation), William 
V. ViNDZBERG, M.D. (by INVITATION), .AND IVlLLLAM B. O’BrIEN, M.D. 

(by invitation) 

Boston, SLass. 

T he purpose of this paper is to record our e.xperience ivith extraperiosteal 
ploinbage thoracoplasty in the treatment of patients with unilateral surgi¬ 
cal problems. The application of this procedure to patients with bilateral 
surgical problems will be the subject of a subsequent report. 

As indicated in Table I, a total of 161 extraperiosteal plombage thoraco¬ 
plasties were performed for unilateral surgical problems between August, 
1949, and June, 1954. Eighty-six operations were performed in two stages. 
The second stage consisted of resection of the previously deperiostealized ribs 
and the removal of the plombage material. The first rib and the transverse 
processes were preserved. The one-stage operation ivas used in 75 cases. 
Here the plombage material was left in place permanently. The teehniques 
of these procedures will be illustrated and discussed later. 

Age .—^The age of the patients ranged from 16 to 66 years. Twenty-two 
per cent were over 50 years of age. Seven patients were over 60 years of age. 

Sputum StaUis .—One himdred and thirteen patients (70 per cent) had a 
positive sputum. The majority of these (103) were positive by smear or eon- 
centration. Forty-eight patients had negative sputum preoperatively but 40 
of these had definite cavity on the roentgenogram. 

Preoperative Roentgenogram .—^No cavity was visualized in 16 patients, 9 
of whom had positive sputum. These cases represented largely those who 
previously had had extensive destructive lesions or recurrent disease. Honey¬ 
combing in the site of previously extensive disease was present in 4, 3 of whom 
had positive sputum. A definite cavity was present in 141 (88 per cent). The 
cavity size is listed in Table I. Note that most cavities were under 4 cm. in 
diameter. Extraperiosteal plombage thoracoplasty has not been used elee- | 
lively in the treatment of larger cavities. 

Thus, only 8 (5 per cent) of the 161 patients had both a negative sputum 
and the absence of cavity on the roentgenogram. Ninety-five per cent of the 
patients had an open cavity and/or a positive sputum. 

From the Surpical Service. Dr. U. E Zambarano Memorial Hospital, "Wallum Lake, R. I., 
and the Overholt Thoracic Clinic, Boston, Mass. 

Read at the Thirty-sixth Annual Meeting of The American Association for Thoracic 
Surgery at Miami Beach, Fla., May 7 to 9, 1956. 
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Table I. Extkapeeiosteal Plombage Thoracoplasty, August, 1949, to June, 1954 


Total = 161 



Two-stage operation 


86 

One-stage operation 


75 

Ago of Patients 16 to 66 years 



16 to 20 years 

20 to 50 years 

50 to 60 years 

60 to 66 years 


4 

121 

^51 22 % 

Preoperative Sputum 



Positive on smear on concentrate 
Positive on culture or 


103-) 

y 70% 

10 J 

guinea pig inoculation 


Negative 


48 (40 had cavity) 

Preoperative Roentgenogram 



No cavity 


16 

Honeycombing 


4 

Cavity 


141 

1 to 2 cm. 

57 


2 to 4 cm. 

66 


4 to 5 cm. 

14 


5 to 8 cm. 

2 


2 cavities 

2 


Preoperative Chemotherapy 



None 

Interrupted 


78 1 

Primary 


74 (46%) 

Postoperative Chemotherapy 


31 (19%) 

None 


Less than 3 months 


36 (33%) 

Over 3 months 


94 (58%) 


Preoperative Chemotherapy. —Nine patients had no preoperative drug 
therapy. Seventy-eight had had either previous or interrupted courses of 
chemotherapy. Only 74 (46 per cent) were operated upon under the protec¬ 
tion of a primary course of antimicrobial therapy. 

Postoperative Chemotherapy. —Thirty-one patients had no chemotherapy 
in the immediate postoperative period, 36 had less than three months, and 94 
(58 per cent) had over three months of drug therapy. Many of these patients, 
of course, had subsequent chemotherapy in an attempt to control persistently 
positive sputum or active disease and also for protection during subsequent 
resection. 

TECHNIQUE 

Two-Stage Operation .— 

First stage (Fig. 1) ; The incision is made and the thoracic cage exposed 
as for conventional thoracoplasty. The number and length of ribs stripped of 
their periosteum is likewise fashioned to collapse the cavity area adequately 
and collapse the uninvolved lung as little as possible just as in the case of a 
conventional thoracoplasty. The periosteum is stripped completely from all 
ribs from the second rib down. However, the periosteum is stidpped only from 
the undersurface of the first rib. The periosteum and muscle attachments on 
the superior surface of the first rib are left intact. The gutter area is devel¬ 
oped completely by stripping the periosteum to the heads of the ribs and 
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cutting the intercostal muscles. The intercostal vessels and nerves arc not 
cut except for the first which is usually divided while doing a very modified 
apicolysis cousistiug of wiping the lung down from beneath the brachial 
plexus. A more extensive apicolysis is considered to be coiitraindicoted in 
plombage thoracoplasty. AVhen an extensive apicolysis is performed, the 
plombage material is no longer placed in the extraperiosteal space but into 
direct contact with all the mediastinal structures and lymphatics. It is our 



Fig. 1.—^Illustration of the first stage extraperiosteal plombage thoracoplasty. The 
periosteum has been stripped from ribs 3 through 6 but only from the under surface or the 
first rib. After the periosteum has been stripped posteriorly to the heads of the ribs, the 
suspended intercostal muscles are cut as illustrated to prevent their suspension of the lung 
in the paravertebral gutter. If this is not done, the collapse in this important cavity bearing 
area will be Inadequate (inset A) and the desired collapse (inset B) will be presented. 
Likewise, the intercostal muscles are cut anteriorly along the dotted lines to avoid their sus¬ 
pending action anteriorly. 

In the case of a one-stage operation, a small strip of periosteum would bo preserved on 
tlie outer surface of all ribs. 

firm belief that this contributes to complications when using plombage ma¬ 
terial. The intercostal muscles arc then cut anteriorly to avoid their suspend¬ 
ing action. Two hundred thousand units of penicillin and 2 Gm. of strepto¬ 
mycin are placed in the extraperiosteal space which is now ready for the 
plombage material. 

In our early experience, Lucite spheres alone were used. Later the spheres 
were placed in a polyethylene sheet. now prefer to use a polyethylene 
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sheet as a wrap and to use folded polyethylene sheets as a filler (Fig. 2). 
These create a smoother shelf, maintain the space very well, but are not so 
rigid as the spheres. Although we prefer the folded polyethylene sheets to 
Lueite spheres, our results to date have been equally good -with both materials. 
The quantity of plombage material to use is just that which will snugly fill 
the extraperiosteal space and avoid creating pressure on the shelf. The 
wrapping is then closed around the plombage filler merely by passing the 
lower portion under the upper portion beneath the deperiostealized ribs. We 
have not found it necessary to seal the wrapping. The wound is then closed 
in layers. 

Second stage (Fig. 3): The old scar in the skm is e.xcised. Tiie muscles 
are divided in the line of the previous incision. The deperiostealized ribs are 
resected from the transverse processes forward. The transverse processes 
with their attached ligaments and muscles and the first rib are left intact. 
This helps to avoid significant deformity although some scoliosis develops in 
every ease. The plombage is removed and the number of the spheres or folded 
sheets of polyethylene are cheeked mth the count recorded at the first-stage 
operation. A subtotal scapulectomy is performed only if indicated to prevent 
the scapula from riding on the costal cage. The wound is again closed in 
layers without drainage. 

One-stage operation; This is performed in exactly the same way as the 
two-stage operation except for one detail. Since the ribs are to be left in 
permanently, a narrow strip of periosteum is preserved on the outer surface 
of the rib instead of stripping the rib bare of its periosteum. Our observa¬ 
tions to date would lead us to believe that this helps to preserve the rib and 
prevent its degeneration as is frequently seen when all of the periosteum is 
removed. 


COMPLICATIONS 

Table II lists complications encountered and is largely self-explanatory. 
Attention is called to the extremely, low postoperative tuberculous complica¬ 
tion rate (0.6 per cent). This one complication consisted of perforation and 
tuberculous infection of the extraperiosteal space. This went imrecognizod 
until it was discovered five months later at the time of resection which was 
performed because of persistently positive sputum. The second stage of the 
thoracoplasty was performed at the time of resection and the extraperiosteal 
space placed on drainage with suction for four or five days. The wound has 
never manifested any signs of infection since then and the patient is clinically 
well with a negative sputum. 

The only nontuberculous infection of the extraperiosteal space occurred 
in a patient ivith a marked skin allergy which prohibited the use of any of 
the antibiotics as well as the usual agents used in preparing the skin for opera¬ 
tion. He has since had the plombage removed and the second stage performed 
with an excellent result. 

The absence of postoperative spreads or exacerbations is attributed to two 
factors: drug preparation and coverage, and the lack of paradoxical motion. 
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4,—T\vo-sta{ro extrixperiostcal plonxbage tlxoracoplasty. A, Roontgenogruin made at 
Ume of admission ou Juno 'M, 1053, revealing scattered indltration throughout the upper hair 
of the right lung and tlio entire loft lung, A 4 cm. cavity is present in the left apex, 

Roontgonogram of April 22. 1954. after ten months of antimicrobial therapy, A resid¬ 
ual 3 cm. cavity persists in the left apex. TIio remainder of the disease has responded well 
to treatment. Sputum was negative. 
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Fig- 4 —Contd O, Reontgenogram of Sept 30 1954 sho^\lng the polyethylene plonibage 
in place This was taken six months following the first stage and Just before the second 
stage 

D, Roentgenogram of May 28 1955—seven months following the second stage J^ote the 
degree of scoliosis piesent Also the preserved first rib and transverse processes 

COMMEWT This patient was a 38 year old man Ho has been well since his discharge 
from the sanatorium He had no postoperative chemotherapy except for one week after the 
first stage The second stage was performed after careful sputum studies revealed that the 
procedure had been successful The vital capacity was reduced from 3 450 c c. to 3 100 cc 
and the maximum breathing capacity from 110 to 98 L. per minute 
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Today the surgeon no longer has to accept the patient with large quantities 
of sputum and with his tracheobronchial tree flooded with infected secretions. 
This probably is the dominant factor in preventing spreads. The absence of 
paradoxical motion afforded by the plombage also is an important factor. 
There can be no doubt that the effectiveness of the cough mechanism is greater 
and the interference with respiration is less following plombage thoracoplasty 
than following one of the conventional type. 

Table II. Complications 


*Postoperative complications—3 (1.9%) 

Tuberculous—1 (0.6%) 

Perforation, and infection of extraperiosteal space 
Nontuberculous—2 (1.2%) 

Staphylococcus aureus infection of extraperiosteal space 
Transient uremia 

Late complications 

Tuberculous—22 complications in 20 patients (12%) 


Ipsolateral exacerbation 7 

Contralateral exacerbation 11 

Wound infection 2 

Eenal tuberculosis 1 

Ipsolateral spread 1 

Nontuberculous—1 (0.6%) 

Wound infection 

♦Postoperative period—60 days. 


Late tuberculous complications, especially contralateral exacerbation, has 
constituted the biggest problem in this group of patients. This has been our 
experience with any surgical procedure which is used in treating really sig¬ 
nificant tuberculosis. In our opinion, this is the result of the fact that many 
of these patients had extensive contralateral lesions preoperatively at the be¬ 
ginning of their treatment. All except one of the contralateral exacerbations 
occurred in an area of previous disease. Seven of the 11 patients with contra¬ 
lateral exacerbations were eventually controlled, 4 by antimicrobial therapy 
and 3 by further chemotherapy and resection. The other 4 were classified as 
having active tuberculosis at the time of this report in June, 1955. Since then, 
one has had a plombage thoracoplasty and one a segmental resection. The 
other 2 are considered to be salvable. 

The low percentage of exacerbations on the side of operation has been in 
keeping with our experience with any type of permanent collapse therapy. 
Patients with initially successful results stand the test of time exceedingly 
well. Four of the 7 patients with ipsolateral exacerbations were resected 
with good results. Two have active disease, one of which is salvable and the 
other being hopeless because of advanced age and limited respiratory reserve. 
One is known to be alive but the follow-up data in this patient is inadequate. 

The statistics on late complications include those of both the plombage 
thoracoplasty and all subsequent resections. The one ipsolateral spread and 
both wormd infections occurred in patients who had subsequent resection, the 
first of these three complications occurring in a patient resected in another 
institution. These represent the only complications encountered in the 21 
patients subjected to later resection. 
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Attention is again called to the fact that one half of the late complications 
occurred in the contralateral lung. 

DE.iTHS (Table III) 

There wore no postoperative deaths. This, plus the fact that tuberculous 
complications occurred in only one of the 161 patients, speaks for the safety 
of this procedure. This is especially significant when one eonsidei-s that 95 
per cent of the patients had either an open cavity, a positive sputum, or both. 
It is also significant when one considers that only 46 per cent of these patients 
were operated upon under the protection of their first course of antimicrobial 
therapy. These facts are in sharp contrast to most resection series in the 
literature which contain a high percentage of patients with closed lesions and 
negative sputum operated upon under the protection of their first course of 
chemotherapy. 

The five late deaths were all due to nontuberculous causes. Three pa¬ 
tients had sudden deaths caused by eoronaiy occlusion. One patient died of 
metastases from a previously resected carcinoma of the breast. The other 
died of a severe undiagnosed entei-itis in another hospital. Only one of the 
five late deaths occurred in a patient with uncontrolled tuberculosis at that 
time. 

Not a single death has occurred in the postoperative ))eriod following 
either the plombage thoracoplasty or a subsequent resection. No deaths due 
to tuberculous infection have oeeurred early or late. 

Table III. De.vtiis 

Postoperative deaths 0 

Late deatlis 5 (3%) 

Coronary occlusion 3 

Metastatic carcinoma 1 

Enteritis 1 


RESULTS (Table IV) 

One hundred and thirty-two (82 per cent) of the 161 patients had com¬ 
pletely satisfactory results with plombage thoracoplasty. Their sputa have 
remained negative and their clinical status satisfactory since the operation. 

Twenty-nine (IS per cent) of the plombage thoracoplasties were con¬ 
sidered to be failures. Of this group, 22 wei-e considered to be initial failures, 
the patients’ sputa never converting following operation. In one, the sputum 
remained positive for five months and then converted. In one, the sputum 
remained intermittently positive until the time of his death of coronary oc¬ 
clusion five and one-half years later. Another had one positive sputum by 
guinea pig inoculation eight months after operation and has been negative 
ever since. One remained positive for two years and then converted with 
further sanatorium care and chemotherapy. One has been elinieally well 
since operation but his sputum has never converted. The remaining 17 have 
been subjected to resection—pneumonectomy in 2, lobectomy in 12, and seg- 
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mental resection in 3. Fifteen of the 17 had completely satisfactory results 
following resection. One patient, a dnig addict, has been lost to follow-up. 
One has active contralateral disease. 

Seven patients considered to have a successful result initially had a late 
exacerbation on the side of operation. Four of these were resected—one by 
pneumonectomy, one by lobectomy, and 2 by segmental resection. These 4 
patients are all well. One of the remaining 3 has active disease but is con¬ 
sidered to be salvable. One is considered to be hopeless because of her age 
(71) and limited respiratory reserve. One patient known to be alive and ac¬ 
tive refuses to answer our follow-up letter and, therefore, cannot be classified. 

In summary, plombage thoracoplasty has been successful in controlling 
the lesion for which it was performed in 132 patients (82 per cent). It failed 
to do so in 29 patients (18 per cent). Of the latter group, 19 were salvaged 
by resection and 3 by fuilher antimicrobial therapy. Thus the lesion for 
which operation was indicated was eventually controlled in 154 (95.6 per 
cent). 

Table IV. Eesults 

Total cases 161 

Successes 132 (82%) 

Failures 29 (18%) 

a. Initial failures 22 

b. Failures due to exacerbations 7 

Control of the ipsolateral lesion 

By plombage alone 132 (82%) ^ 

By later resection 19 I 154 (95.6%) 

By later chemotherapy 3 J 


FOLLOW-UP (Table V) 

In June, 1955, a follow-up study of the 161 patients ^Yas carried out. The 
follow-up period ranged from one year to five years and ten months; was over 
three years in 89 patients (55 per cent); and over two years in 132 (82 per 
cent). 

Five (3 per cent) patients died in the late follow-up period—3 of coronary 
occlusion, one of metastatic carcinoma, and one of enteritis. One jiatient, the 
drug addict, has been lost to folloiv-up. The remaining 155 patients (96 per 
cent) are known to be alive and an accurate follow-up was available in 152. 

Table V. Follow-Up, Juxe, 1955 

Total 161 patients ~~~ ~~ ~ 


Dead 



5 (3%) 

Lost to follow-up 



1 

Living—^inadequate follow-up 

Living—adequate foEow-up 


isli 

Clinically well- 

-negative sputum 

145 


Glinically well- 

-positive sputum 

1 


Active disease 


6 


Duration of follow-up period 



Longest 5 years 10 months 

Shortest 1 year 



over 5 years 

30 



4 to 5 years 

26 



3 to 4 years 

33 



2 to 3 years 

43 



1 to 2 years 

29 
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The classification of tlicse 152 patients rein-csents tlie opinion of the pliysician 
or clinic now earing for them. One hundred and forty-five patients were 
classified as clinically well with negative sputum. This group represents 90 
per cent of the total 161 patients and 95 per cent of the living patients with 
an adequate follow-up. Of the remaining 7 patients, one is clinically well but 
has a positive sputum and 6 have active disease. All except one of these are 
considered to be salvable. 


DISCUSSION 

Our experience with extraperiosteal plombage thoracoplasty began in 
August, 1949, after Woods, Walker, and Schmidt* had introduced the pro¬ 
cedure to our clinic one year before. Our earlier cases were all of the two- 
stage typo of operation. The original procedure of Woods, Walker, and 
Schmidt was modified by leaving the plombage in place for a minimum of two 
months and preserving the first rib and transverse processes at the second 
stage to avoid significant deformity. As our experience grew, we learned 
that the plombage material could be left in place for longer periods with 
safety. Eventually the second stage was delayed for four to eight months 
until the success or failure of the procedure in controlling the disease was 
established. If successful, the second stage was done. If unsuccessful, re¬ 
section was performed and the second stage of the thoracoplasty completed 
at the same time. Thus, the patient’s surgical treatment was accomplished 
with two operations regardless of the success or failure of the plombage. Sub¬ 
sequent resection in these cases has proved to be extremely safe and success¬ 
ful. In the 21 patients subjected to later resections, no postoperative deaths 
occurred and only one postoperative tuberculous complication took place. 
This was an ipsolateral spread following lobectomy performed in another in¬ 
stitution. Nineteen of the 21 patients are now well. Plombage failures can 
bo treated more easily and successfully than resection failures. 

The first one-stage extraperiosteal plombage thoracoplasty was performed 
in November, 1951. A total of 75 are in this report. The longest follow-up 
is three and two-thirds years. Twenty have been followed for more than 
throe years and 63 for more than two years. In the postoperative period, only 
one tuberculous and one nontnberculous infection of the space has occurred. 
These 2 cases have been described previously under complications. There Imvo 
been no late infections of the space. Likewise, there has been no evidence 
clinically or by direct observation at operation of infection of the extraperi- 
ostoal space at the time of the second stage in the other 86 eases. In these 
eases the second stage was performed from two months to four and one-half 
years folloiving the first stage. In addition, the fibrin and serum from the 
space have been studied in the last 21 consecutive cases: 14 by smear and 
culture; one by smear and guinea pig inoculation; and 6 by all three methods. 
These have all been negative. 

The lack of late complications in the extraperiosteal space is attributed 
to three factors: one, the careful selection of patients; two, avoiding the use 
of the conventional type of apieolysis; and three, the type of plombage ma¬ 
terial used. 
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Fig. 5.—Below-up thoracoplasty with extrapleural mobilization of cavity. A Koentgeno- 
gram of Dec, 29, 1950, showing widespread bilateral disease with a 4 cm. cavity in right 
upper lobe and a giant cavity in left upper lobe. 

B, Preoperative oblique roentgenogram of May 21. 1951. The cavity in the right upper 
lobe is now closed. A giant cavity Is still present in the left upper lobe. Note also the in¬ 
volvement of the superior segment of the left lower lobe and scattered nodulation throughout 
basal segments. The sputum was positive on smear. 
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Plombage thoracoplasty is indicated in our scheme of therapy for cases 
with cavities of 4 cm. in diameter or smaller. Peripherally located, thin- 
walled cavities and larger cavities are considered to be contraindications. 
Such cases are treated either by resection or by staged thoracoplasty. Most 
of the staged thoracoplasties are performed from below up, with mobilization 
of the cavity area by extrapleural dissection at the time of the first and lower 
stage (Pig. 5). 

The only apicolysis permitted with plombage thoracoplasty is the division 
of the first intercostal bundle and wiping the lung from behind the brachial 
plexus. A more extensive apicolysis is considered to be absolutely contra¬ 
indicated because this places the plombage in direct contact with the medias¬ 
tinal structures including its numerous lymphatic nodes and channels. In 
our opinion, this predisposes to infection of the space, 

A satisfactory plombage material must be easily sterilized and easily re¬ 
moved from the extraperiosteal space at any time. Either Lucite spheres or 
polyethylene sheets inside a polyethylene wrapping meet these requirements 
admirably. They can be sterilized by soaking in aqueous Zephiran for twenty- 
four hours. They can be removed from the extraperiosteal space at any time, 
even a few years later, with great ease. The various sponges do not meet 
these fundamental requisites, in our opinion, and have not been \iscd. 

However, in spite of the lack of infectious complications in the extra¬ 
periosteal space thus fax’, much more time will be reqxxired before a final evalu¬ 
ation of this problem can be made. Every surgeon knows that the presence of 
a foreign body can lead to delayed infections several years later. Because of 
this one factor, this report regarding the one-stage plombage operation must 
be considered a preliminaiy one. With regard to the two-stage operation, 
however, we feel that we can state without hesitation that the plombage can 
be left in with safety for at least eight months. At the present time, it is our 
policy to perform the two-stage operation ixpon the younger patients and re¬ 
serve the one-stage procedure for those over 45 years of age or for those with 
bilateral problems. 

If there is no uncontrolled or threatening lesion other than the one for 
which thoracoplasty is being performed, chemotherapy is terminated one week 
following operation. Our experience has led us to believe that lesions con¬ 
trolled by permanent collapse stand the test of time exceedingly well without 
the aid of antimicrobial therapy. If chemotherapy is continued in the post¬ 
operative period, many of the failures are camouflaged, the sputum being nega¬ 
tive even though the offending cavity may still be open. We prefer to dis¬ 
cover the failures early and proceed as early as possible with resection in such 
cases. We have had no reason to regret this policy. 

The advantages of plombage over the conventional staged thoracoplasty 
are self-evident. The surgical program is reduced to one or two operations 
even in the case of failures where the patients later require resection. In ad¬ 
dition, the second stage is performed months rather than weeks following the 
first stage, providing the patient with more time for recuperation. The total 
collapse is accomplished at the first operation which brings about more rapid 
conversion of sputum. The two-stage operation results in a mild scoliosis but 
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no sjgnifit.mt elmical (.lefoanity because of the ineser\ation of the fiist iib 
•ind tians\eise piotcsses The one stage opeiation piodiices no defoimity 
Tiiete IS no postopciatne pai.uloMcal motion This causes less distuibance 
in lespuation and makes tlie cough mechanism moic etfeotne As a lesult, 
the postopeiatuc couisc of these patients is unusiiallj smooth It is laie to 
see letention of secietions oi sc\eie dyspnea esen in the bad iisk patients 
The only special eaie lequired bj these patients is the loutine aspiiation of 
the e\tiapeiiosteal space on the second daj and as needed theieaftei to avoid 
piessuie These patients leeupeiato fastci and lequiie less postopeiatn e eaie 
than any gioup undeigomg siugieil tieatinent foi pulmonaiy tubeiculosis 

At a leeent meeting of the New Yoik Up State thoiacic suigeons, Gaeiis 
lei" outlined foui undesiiable effects of opeiation upon pulmonarj function 
(1) mteifeiciiee with the lugativc intiapleuial pussuies, (2) pleural leae 
tiou, (3) paiadoMcal motion of the chest wall, and (4) unpiedietable eompli 
cations Ceitainly, plombagc tlioineoplasty piodiices none of these unde 
suable effects It docs not inteifcrc with the intiapleuial pressuies oi piodiico 
pleural leaetion unless the pleuial cavity is entered as a lesiilt of a technical 
eiror Paiadoxical motion is avoided Unpredictable comphcations aie tiuly 
laio and are less a problem with plombage thoiacoplasty than with any othoi 
pioceduio we have used Plombage thoracoplasty stands out m shaip con 
tiast with leseotion which produces all of these undesirable effects except 
paiadoMcal motion Tins is a factor of extieme importance wlien treating 
patients with limited pulmonaiy function 

We have found the functional loss with this procedure to be relatively 
small and piediotablo Foity patients have had ventilatoiy studies preopeia 
tively and again postoperatively after thiee months The aveiage loss of vital 
capacity was 477 e c and the average loss of maMmiim bieathing capacity was 
17 4 L The loss ot maximum bieathing capacity ranged from 0 to 10 in 57 
pel cent, 10 to 15 in 25 per cent, 15 to 20 in 10 pei cent, and 20 to 32 L in only 
8 per cent 

Plombage thoiacoplasty has several disadvantages The difficulty with 
interpretation of the postoperative loentgcnogiam is distiiibnig With the 
plombage in place, no type of examination by x lay ineliiduig laminography, 
IS of value The undei lying lung just cannot be visualmed In eases with 
peisistently positive sputum, the other areas of the same lung and the contia- 
lateial lung must be evaluated in making decisions about fiiithei theiapy 
With piesent techniques, the migiatioii of spheies oi polyethjlene paelcs is no 
problem The two great disadvantages of the one stage operation are the 
presence of a foreign body with its potential of erosion and infection and the 
tact that peiiosteum does not icgenciatc a significant amount of bone when 
in contact with the plombage material To date, wo have had veiy little 
trouble with erosion and infection but, as stated befoie, much more time will 
be required for the final evaluation of this factoi It has been suipiising fo 
find little 01 no legeneiation of iib where the plombage material is in contact 
with the peiiosteum The musculo peiiosteal shtif becomes thickened but 
1 emains flaccid even a few years later 



812 WILSON, ARILADA, VINDZBEEG, AND O'BRIEN J.ThorackSurg. 

December. 1956 

It is quite evident that more time will be required before the one-stage 
plombage thoracoplasty can be recommended as a safe procedure because of 
the presence of the foreign body. However, the two-stage operation can be 
recommended at present as a safe and effective procedure with a small and 
predictable loss of function. It avoids the four undesirable effects upon pul¬ 
monary function outlined so well by Gaensler- and, for this reason, is par¬ 
ticularly suited to the treatment of eases with limited pulmonary function. 

This is a simple operative procedure. There can be no question that it is 
safer than resection in the hands of any surgeon when used in the treatment 
of cavitary disease. This is especially true in patients Avith cavitary disease 
with organisms pai’tially to completely resistant to the antimicrobial agents. 
The high mortality and morbidity rates associated with resection in this type 
of ease have been presented in admirable fashion by BelP and Murphy.* Be¬ 
cause plombage thoracoplasty does not involve the handling, incision, and 
suturing of infected lung tissue and bronchi, we consider it a procedure of 
choice in treating such patients. However, we would not like to convey the 
idea that this procedure is used only in the resistant cases. We have such 
. faith in the effectiveness and lasting cure afforded by permanent collapse 
procedures that they are frequently used in preference to resection even in 
the better risk patients. 

In the chemotherapy era, resection has lightfiilly become the most popular 
type of surgical treatment for pulmonary tuberculosis. The resection statis¬ 
tics in the literature, however, are misleading. They are loaded and diluted 
with a high percentage of closed lesions, Avedge and subsegmental resections of 
extremely small lesions, and patients receiving their first course of drugs. 
When patients Avith persisting cavity and positive sputum after long-term 
antimicrobial therapy and patients AAUth tiibercle bacilli partiallj'- or completely 
resistant to the drugs are analyzed, the mortality and morbidity are truly sig¬ 
nificant.^’ ■* LikcAvise, the statistics dealing Avith pneumonectomy and resec¬ 
tion exceeding a lobe are much less favorable than those Avith resection of a 
lobe or less.* 

In the drug era, Ave have lost sight of the fact that collapse therapy pro¬ 
cedures also have become safer and more effective. Indeed, most of the con¬ 
cepts expressed today focus attention on the preceding era Avhen drugs Avere 
not available and case selection Avas less than ideal by necessity. There is too 
little recognition of the fact that permanent collapse is very effective and the 
successes stand the test of time exceedingly Avell. So long as the surgeon is 
called upon to treat not only the ideal case but also those Avith limited func¬ 
tion and resistant organisms, collapse therapy must play an important role in 
the surgical program. In fact, unless collapse procedures are used, many pa¬ 
tients Avill be denied treatment since resection is not applicable to all cases. 
If resection is used to the exclusion of all other procedures, some patients Avill 
be subjected to relatively dangerous operations Avhen simple collapse pro¬ 
cedures could have been used Avith great safety and Avith the expectation of 
success in a high percentage of cases. 
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SUMMARY 

E\poiiejice and results witli 86 two^stage and 75 ouc-stage extiapei'iosteal 
plonibage thoracoplasties have been picsented. 

Tiieie weie no postoperative deaths follo-sving this piocediue or following 
21 losections performed upon failiues Five late deaths resulted fiom non- 
tiibeiculous causes. N‘o deaths have xesiiltcd fiom tubeieulous infection 

Tubeiculous coinplicutions occuried in only one case (0.6 per cent) in the 
postoperative peiiod Late tubeiculous complications developed in 12 per 
cent One halt of these weie m the contralatei at lung 

The lesion indicating surgciy was eontiolled in 82 per cent by plombage 
thoiacoplasty alone. Of 29 faihues, 22 have been salvaged by lesection and 
further chemotherapy 

Ninety per cent of the total 161 patients and 95 per cent of the 152 ^vitIl 
an adequate follow-up aie well 

These icsults have been accomplished m spite of the fact that 95 per cent 
of the patients had positive sputum and/or cavity on the pieoperative roent¬ 
genogram and only 46 per cent were opciated upon with the piotection of an 
original coiuse of chemotheiapy. 
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Discussion 

MR. WILLIAM P. CLELAND, London, England —It is a great privilege to bo hero 
today and to be allowed to participate in your meeting I last had the pmilege of ad 
dressing your Association in 1951 at Atlantic City, uben I mentioned my earlier cxptrj 
onces With plombage operations which I had performed up to that time I think it is 
proper that those of us who have had a fairly lengthy experience with this operation 
should report our views from time to time, particularly as regards the long term follow up 

Dr Wilson's presentation, I think, was an extremely admirable one and he brought 
out one or two lery important and significant points The first of these was that the 
plombage patients were significantly dififereut from the majority' of those considered suit* 
able tor resection Of my own material (which now amounts to 340 personal cases) over 
i third were considered entirely unsuitable for any other form of surgical treatment. I 
think that is an important point, as Dr. Wilson rightly pointed out. 

With rcgird to the future of this procedure, there are two points I should like to 
mention ( 1 ; 1 w does this procedure compare with the ordinary standard method of 
surgical collap-e ti crapy, and (2) what is the incidence of complications related to the 
u';e of this ‘^urt of material? 

(Slide) This represents the present number (340 operations) up to the end of 1955 
Y u will see that 23S, or “0 per cent, were regarded as satisfactory, a term used to comt 
Turiety of things such 'ih cavity closure, negative sputum, ability to work, and so forth. 
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These 238 patients were satisfactory without any additional treatment. Some 12 per cent 
required further treatment such as prolonged chemotherapy, conversion into a thoraco¬ 
plasty or subsequent resections, before they wore satisfactory. So that 82 per cent of 
this group are regarded now ns satisfactory. Of the C unsatisfactory patients at tlie 
present time, there are 3 with persistent cavitation; 2 of those will probably bo suitable 
eventually for resection, one is quite hopeless for any further treatment. Tliero are quite 
a number, unfortunately, (17) that arc untracod. Of those who have died (35), you will 
notice that only 4 died in the early postoperative period, that is, rvithin a month or six 
weeks of operation, and 31 have died subsequently. This rather high incidence of later 
deaths is, I think, related to the type of patient we are treating, although 14 died from 
unrelated causes such as lung cancer and from coronary occlusion, while 17 died directly 
or indirectly from pulmonary tuberculosis. 

(Slide) This is a comparison between plombago and the Semb typo of thoracoplasty; 
these thoracoplasty figures represent operations carried out at a slightly earlier period 
than the plombage procedures and are not, therefore, strictly comparable, particularly in 
that the amount of streptomycin available and employed was probably very much less. 
But you will see that there is no appreciable difference between the two groups, I would 
not say that plombago is bettor, but neither is it significantly worse. One striking dif¬ 
ference, however, is the difforonce in early mortality. There are 29 cases in the thoraco¬ 
plasties compared with 4 with plombage, but the reverse is true with late mortality, 
namely, 15 for thoracoplasty and 31 for plombage. 

(Slide) You will note we have had 18 patients (5.3 per cent) with space infection. 
I have regarded all cases except the obviously pyogenic ones as being tuberculous in 
origin whether or not we can find and culture tubercle bacilli. You will notice that most 
of them are in the early cases. The decrease in complications of this sort is duo, I think, 
to the employment of very much more streptomycin, and also to improvement in tech¬ 
nical procedures and to better selection of eases. 

(Slide) This slide indicates the interval between operation and onset of infection. 
Most of these occur within the first two years of operation, but there is one rather dis¬ 
turbing group here which occurred four to six years after the procedure. That is the only 
feature of this operation which is a little bit worrying, that infection can occur quite 
late after the operation. 

(Slide) One important feature about space infection, however, is that when it does 
occur it is not necessarily the end. Provided it is recognized reasonably early, it is a 
simple and straightforward matter to deal with, and shoukl finish with a quite satisfactory 
final result. Of the early pyogenic infections, they have presented no real problem pro¬ 
vided they are recognized and treated by removing the plomb and doing a thoracoplasty. 
Of the late tuberculous infections, 14 of the patients had a thoracoplasty and 11 of these 
healed by first intention; 3 had a sinus for some two or three months afterward. Five 
patients have subsequently died either from widespread tuberculous disease of the same 
or the opposite lung, or from unrelated causes, not necessarily related to the tuberculous 
infection. In one case, the plomb alone was removed without thoracoplasty, and one case 
was treated by aspirations and chemotherapy. Both have done well, but I do not recom¬ 
mend it as a routine measure. Two had nothing done; both wore unrecognized at the time, 
and one of them developed amyloid disease and by the time he came back, it was quite im¬ 
possible to help him. 

It is always very important to try and determine the reasons for failure in any pro¬ 
cedure and plombage is no exception. With regard to the failure of the operation to deal 
with the initial situation, that is, where there is persistence of cavitation, I believe that 
the most important single factor is the presence of bronchial disease. We have already 
heard a little bit about that and I think in the paper following this, we shall hear a great 
deal more about this very important factor. Of the cases we have resected after plombage, 

I think some 60 or 70 per cent have shown significant endobronchial tuberculous lesions 
which I am sure have contributed to the failure of the operation. With regard to space 
i infection, I believe the most important single factor is the opening up and cutting through 
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of infected tissues and I would prefer not to use a plombage in any case whore the apex 
of tho lung IS \cry adherent, where one is almost certainly cutting through infected 
Ijmphatics, I think under those circumstances it is much wiser to do a standard thoraco 
plastj. Another factor in tho production of space infection is the presence of uneon 
trolled to inndeqnatelj controlled disease beneath tho plombage, uhich -tins tho case in 
about 50 per cent of our patients I now make it a practice to carefulh assess, by all 
means at my disposal, tho condition of the lung beneath the plombage six months after 
tho operation and, if tilings aro not entirely satisfactory, then I proceed without delay to 
carry out a resection if such is practical 

DR JOHN B PETTER, Rutland Heights, Hass—I aijprcciato the privilege of dis 
cussing Dr Wilson^s excellent paper, and would like to present briefly our experience at 
Rutland Heights Veterans Administration Hospital Our operative technique is similar, 
however, wo prefer tho polyethylene spheres introduced by Lucas and Cleland in 1D50 
These ha\o tho advantage that they miy bo sterilized by boiling Wo do not remove tho 
spliorcs unless infection occurs In the past four vears uo have re-^tneted the use of 
plombage to tho poor risk patients in whom wo believed resection was contraindicated, 
due to tho presence of drug resist lut organisms, advanced age borderline functional re 
‘•orve, or unfavorable disease distribution 

(Slide) We have performed 73 polyethylene ball plombiges on 60 patients during 
tho past four years In tho same period, 292 resections were done, a ratio of 4 to 1 
Eleven patients were open negative at the time of surgery, 55 were open positive, of which 
43 demonstrated drug resistance Sixty two patients had bilateral disease In addition 
to the 7 patients who had bilateral plombage, S others had previous contralateral resection 
of thoracoplasty 

(Slide) Tho surgical complications were limited to two flstulas, seven space infoc 
tions, and two postoperative bleeding problems The space infections healed promptly on 
removal of tho bails and overlying nbs 

(Shdo) Tho effect of plombage on pulmonary function is of i>articular interest since 
many of these poor risk patients have a limited reserve Although some patients exhibited 
a gain in maximum breathing capacity (HBC) and vital capacity, most had small losses 
with a mean loss of 11 L HBC and 461 cc vital capacity These losses are slightly 
smaller than the mean losses following resection of from three to fue segments in un 
complicated cases 

(Slide) Of the 55 patients open positive at the time of surgery, 29 or 53 per cent 
became closed negative within eight months Of the 26 remaining positive 19 had late 
resections which were all well tolerated, with 17 prompth becoming negative 

(Slide) A one to 4 year followup of these poor risk patients indicates that 57 are 
now closed negative, 40 achieving this by plombage alone, 17 with additional late resection 
Seven remained positive There wore no surgical deaths, tliere was one late tuberculous 
death from a fistula, and 2 noutuberculous deaths from hepatitis and carcinoma of tho 
phary nx 

Wo agree that plombage is a safe procedure, particularly useful in increasing the 
salvage rate of the poor risk chemotherapy failures 

DR PAUL DE CAMP, Now Orleans, La—I certainly have enjoyed these presenta 
tions and we, too, occasionally find patients in whom wo are afraid to do resections I 
would like to show a film of a procedure that we learned from Dr Fernando Paulino in 
Brazil, which has been presented here before In this procedure a conventionalized Semb 
tvpe of apicolysis is performed and then, for collapse, very minim il foreign body material 
IS used 

The apicolysis has been performed, tho apex of the lung and overlying tissue is 
brought up and now a soft cotton ligature is placed around tho involved lung and over 
lying tissues The last one is placed around the lung and overlying tissues below the 
lowest point of significant palpable disease 4.t the present time wo find we are using the 
procedure for very much the same kind of case that tho extrapenosteal plombago is used 
for. These are patients who have resistant organisms and in whom a resection would bo 
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either too extensive or too hazardous, so this procedure is performed. We use three or 
four of these ligatures. In this ease, portions of the first, second, third, and fourth ribs 
have been removed; normally, we now leave in the first rib. 

We have performed this operation about fifty times. In live instances, it has been 
done as a bilateral procedure for bilateral di.sease. The chief liniitatiou of this operation 
technically is that it cannot be applied to disease below the hilum. However, there can 
be included in it the apical segment of the lower lobe. It can also bo applied if one gets 
inside, planning to do a resection, and linds that the case is unsuitable for resection. If 
there is a majority of the disease as cavitary lesions above the hilum, these ligatures may 
be applied to the lung above the hilum. In our hands, in this series of 50 case.s, wo have 
had one intrapleural pyogenic infection and one subscapular space iiyogenic infection. 
These responded to drainage alone. AVo have had no tuberculous infections either within 
or without the pleural cavity. I regret that others have not been so fortunate, and I wish 
I knew the reason why they have had difficulties so that I could tell you how to avoid them. 

DR. ELLIOTT MIGHELSON, Baltimore, Md.—^I should like to congratulate Dr. 
Norman Wilson and also Mr, Gleland on their excellent results with the extraperiosteal 
Lucito plombage thoracoplasty, a procedure which may well supplant the standard thoraco¬ 
plasty. In line with the Presidential Address by Dr. kleade yesterday on the ‘•'Eorgotten 
ilen in Thoracic Surgery," it is interesting to note that Dr. Oughterson and Dr. Harvey 
in 1930 suggested the extraperiosteal space filling as a method of lung collapse therapy. 
They used a rubber bag, infection developed, and they were discouraged from further 
use of the procedure. Since that time a great number of surgeons have placed diverse 
materials in this space, including air, fat, muscle, paraffin, and plastics of all kinds. At 
Sunrnount Veterans Hospital, in 1948, we were interested in some type of collaxase pro¬ 
cedure for patients with borderline ventilatory function and lironchospasm. The temporary 
Lucito plombage thoracoplasty operation was therefore developed. At the first operation 
maximum collapse is obtained by the Lucite sjdieres in the extraperiosteal space, and six 
weeks later the ribs and spheres are removed. During 1948 and 1950, 25 patients with 
maximum breathing capacity ranging from 20 to 40 L. per minute received this procedure 
with no mortality aside from one death from meningoencephalitis. Eunctiou test by Dr. 
George Wright revealed minimal loss of ventilatory function. The final results were 
similar to those of Dr. Wilson and Mr, Gleland, I should like to emphasize that this 
operation should bo the procedure of choice in patients with diminished ventilatory func¬ 
tion since there is no paradoxical motion in the immediate xjostoperative period, adequate 
cough is possible, pulmonary function is preserved, and no chest or spine deformity de¬ 
velops. Whether the idombago should be removed at a second operation depends upon the 
surgeon’s consideration of the calculated 2 to 5 per cent risk of tuberculous infection in 
the extraperiosteal space. 

DR. FELIX A. HUGHES, Memphis, Tenn,—^We too have had a limited experience 
with plombage thoracoplasty. I reviewed our figures for the past three years and found 
that wo have performed 188 plombage x>rocedures on 153 patients during that time; OG 
other types of thoracoplasty have been employed of which only 14 were the regular modern 
type of thoracoplasty. During the same period, 130 pulmonary resections were performed, 
I think the reason the plombage procedures exceeded the resections was that there had 
been an accumulation of cases of bilateral pulmonary tuberculosis that wo had not con¬ 
sidered to bo suitable for resection. Many of the points I wanted to make have been 
adequately covered; for example, the maximal preservation of pulmonary function and 
a very low operative mortality—wo had one death following 188 procedures. 

We were at first very skeptical about plombage since a foreign body is introduced 
into the thoracoplasty space. Our early results were so good, however, that we thought 
wo should not deny this procedure to many patients who have such extensive disease that 
no one would do a resection. Wo have therefore extended the indications for its use to 
many bilateral cases with cavities on both sides. As you know, the results obtained in 
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auj surgicil ir e lure for tuberculosis will depend m the mam on the t>po of patients 
that are sturte i \uth So wo <Ud not anticipate a conversion of sputum ot to 00 pti 
cent in Ihi'' t\po ot pitient In cases of a minimal lesion wo have obtained around 85 to 
00 per tnr eonver'^im One other point is that resection is the best form of treatment if 
It IS ipplicable Ihe jlombago thoracoplast-y li is served to round out the surgical thenp) 
of esM s seen at Ivuine h V V Hospital 

DR 1 DW \RD A It VEIsSLEllj Brookhne, Alass—I should like to cnngritulite Dr 
WiKou on hi t I ij ig results* and alao on hm courage to continue i progiam ot mirger^ 
which ru ifi f jievailing trends At the Sanatorium Division of the Boston Citv 

Hospital Dr r I r s Service, we also started plonibago in the fall of 1940 and to 
date Uivi, I rt ri 11 ] erationa on 131 patients Our patients al«o, for the most part, 

have I etu ui the I ler ac:< group, nearly all sputum positive, drug resistant, an 1 with far 
uUau el disrasi Or ults aKo have been good, although not as outstanding as J)r 
Wilsui s I»I lu e 1 r number of bilateral ciscs were mclulel, uul because the •'dee 
tion tor thi-* pi In as often made bj evclusion, no one dared to do a resection 
lher< have been oi 1 i leaths in 150 operations, in spite of our training program where 
inan\ j)lomba„es were r* 1 rst or sccon 1 experience for the pirticular surgeon 

I alike Dr Wihon have removed the plomb whenever possible at the enl of four 
niontl Uus was, fir>t i ecause we onginallj used a reactive plomb, namelj, lucite 
spheu-* within a rubber ve, secoutl, because of an earU visit to our hospital b> Mr 
Clelu 1 who told us of 1 " ncidtnce of 5 to 10 per cent late infections, and third, because 
of tl fin lings in our r W Desforgea, Gibbons, and Slneler, that a positive 

eultjre coul 1 be obtaue^ irom the subcostal space in 38 per cent of our pitients, four 
nionihs postoperatueh Ihoracic Surg 28 030, 1954) That this policv of conversion 

has i ven ju'‘tilied is b^rr it bv’ our figures There have been no subcostal ornpvenias in 
ovei 1 0 ta Cs where tlie , 1 mb was remove 1 a> schcluled In patients in whom for some 
rev or other wc coul 1 i remove the plomb, the incidence of subcostal tuberculous 
infe n ind empvenu ha sen 15 per cent 

I feel that subcostal rlumbage shouM be consiJercl as an important alternative to 
r '^c( u particularlv bec'ia e w© will see more and more older patienla willi far advanced 
di ei re istint to all drug t^nd wath complicating **compeniator> ” emph\’'ema In 
tlic'**’ itient-* subco tal plombage can be performed with a lower mortahtv, vvithout the 
ation of bronchopleural fistula, and also with le«s lo'*s of function, becau e in the-ic 
patw the di eo^e is usuabv distributed regionallv rather than scgmentallj 

R ROBERT FOX, Chicago III — \t the Municipal Tuberculosis Sanitarium in Chi 
have been u*.jng a molifiel thoracoplastv with extrapenostcal plombage since 
cagO ' ^ ^ ^ lUstigatiou of Dr William Adams in Chicago and with gradual moli 

late i 01 , ir ^ear** bince we startel this procedure we have completed about 

ficati i over a pe^ plombage, at least 25 with bilateral plombage I shoui 1 like to 

004 tl raeop a results in operations done before 1955, giving us at least a 15 month 

pre-^ent some o ^ reviewed our figures ju^t this last month This totals -om* 

follow up ina muc pjombage For purpo es of ■^tu Iv we have divide! ihe^e patients 

531 thoracop arbitrarilv, the first group, tho e in whom we thought thoracoplasty 

into three categories jn that we ha! an excellent chance of getting the jatient 

would be a definitive ^ rejection was contraindicate! The ^econ! group aro tho r 

well, in manv or Cavitation, or because of the location of the cavity, we thought 

m whom there was ^ chance of doing the job and ytt wanted to do 

thoracoplmatv had parent, aai the third group, tho e xn wrhom we thought vve h*i 
something to help t e with extensive duea e, an 1 vet we vn hf» I to help if 

practicallv a zero chance patieu 

po^^iblc compbcatious and mortahtv were conceme 1, there were five leaths 

(slide) So far operation, or just unier 1 p r '■ent \s Dr 'WiLon 

Within three months o are oli anJ manv have rather ' ’■'^airatorv re ^ne 

.nd.catea, ^ 



818 


WILSON, AEMALA, VIND55BEEG, AND O’BEIEN 


J. Thoracic Sufr. 
December. 1956 


There were 26 late deaths or 5 per cent, and about one half were from nontuberculous 
causes. So far as postoperative atelectasis and spread or exacerbation elsewhere, there 
were 5 of these or just under 1 per cent; all responded to treatment. 

(Slide) So far as the plomb material itself, or as Dr. O’Brien said some years ago, 
the “garbage” put into the extroperitoneal space; there were 46 patients or about 8.5 
per cent who had sufficient subscapular fluid to necessitate one or more aspirations. There 
was only one early infection, and by early I mean within three months of operation. There 
were three late infections; in none of these did we get tubercle bacilli—they were all pyo¬ 
genic infections; all responded promptly to removal of the pack. There were 82 who had 
sufficient migration of the wax into the soft tissue to necessitate removal of the pack. 
All these healed by first intention. 

(Slide) Our results are as follows: 

Group I.—274 cases, 91 per cent are alive and well today. 

Group II.—220 cases, 74 per cent are alive and well. 

Group III. (salvage)—57 cases, 25 per cent are alive and well. 

We believe these figures speak for themselves, and we urge strongly that thoraco¬ 
plasty be used in those patients in whom resection carries an increased risk of complication 
or failure. 

DE. FEANCIS PHILLIPS, Bartlett, Alaska.—We also became interested in this type 
of procedure at the Seward Sanatorium, after seeing the work of Dr. Adams and Dr. Lee in 
Chicago in 1952. We have done only 150 cases. Of that number there were 12 in which 
we had some form of complication. In the early cases, in my enthusiasm with the wax 
I added a little more than I had prepared space for. When cicatrization had finally oc¬ 
curred, after several months a little outcropping of the wax occurred in the incision. This 
complication was simply remedied under local anesthesia. We had one case in which the 
wax was removed early because of a massive infection. This patient developed a Strepto- 
cocom viridans hemolytic bacteremia in spite of being heavily treated with antibiotics at 
the time. However, he is well today with a negative sputum and is working as a shoe¬ 
maker. 

There are three points in these procedures that I would like to discuss. This is a 
procedure that we now do under local anesthesia. It takes an hour to an hour and a half. 
The patient is up and walking around in the evening, after operation in the morning, 
with little suffering. I think this is important. Another point that I am beginning to 
think is important is the ease of the procedure for the surgeon. Those of you who are 
backed up by great universities with magnificent anesthesiology departments and skilled 
anesthesiologists have nothing to worry about. But in Alaska, I have to choose procedures 
that are easy to do and which spare the patient’s life in the operative procedure itself. 
Also, in Alaska it has been calculated that it is costing us, in terms of arresting the disease, 
and I think that is the only category in which we can talk about tuberculosis (I think it 
is time we quit talking about the cost per day, and face it as the cost of arresting the 
disease), it is costing us, including social welfare, transportation and all incidental ex¬ 
penses, from $15,000 to $17,000 a case. That is under the old regimen. Now, with this 
operation, it is not unusual for us to get a patient into the sanatorium who will be there 
from one to three weeks, have the operation, and when he is going to a community where 
outpatient treatment is available, he will be discharged in four to six weeks to outpatient 
care. This is a tremendous saving in the cost of the treatment. This also can be measured 
in terms of hospital costs. It is much cheaper to do an operation that does not require the 
use of blood and a lot of extra nursing care. These patients have a minimum of post¬ 
operative complications. They require no special nursing care and the surgery is easier 
for the patient generally. 

DE. WILSON (Closing).—When one expects to have his head chopped off, it is com¬ 
forting to find that so many others are doing the plombage procedure with good results. 
I should like to re-emphasize that we are talking about unilateral surgical problems, and 



Volume 32 
Number 6 


EXTKAPEKIOSTEAL PLOMBAGE THORACOPLASTY 


819 


that tho majority of our cases had cavities of 4 cm. or less in diameter. I realize that Dr. 
Striedcr, Dr. Gaensler, and their associates have used tliis procedure in patients with more 
extensive disease. I believe that this must account for the difference in our experience 
with infections in the extraperiosteal space. However, after they reported their experi¬ 
ences, wo studied cultures from the spaces in many cases anywhere from two months to 
four and one-half years following the first stage and have been unable to find a single 
positive culture or guinea pig infection. 

Wo also recognize the potential dangers of the foreign body, S^nd for this reason 
perform a two-stage operation with removal of the plombage material in the younger, good- 
risk patients. The plomb is left in place in the oMer patients, in those with low pul¬ 
monary reserves and in those with bilateral problems. 

We feel that permanent collapse is capable in itself of giving permanent control of 
a lesion if an initial success is accomplished. For this reason we prefer to use antimicro¬ 
bial therapy only for one week following operation unless there is a contralateral lesion 
of significance that requires drug therapy. This enables us to discover the failures early 
and proceed with resection at an early date. 

Finally, we should like to emphasize that good results with thia or any other pro¬ 
cedure will not bo accomplished if it is used only ns a salvage procedure. 



BRONCHOGEAPHIC STUDIES AS A GUIDE TO THE SUEGICAIj TliEAT- 
MENT OF PUMIONAEY TUBERCULOSIS 


F. J. Phillips, M.D.,* Anthony Lalli, M.D.** (by invitation), and 
AValtheu Buiileu, M.D.**'" (by invitation) 

Bartlett, Alaska 


T he purpose of this presentation is to emphasize the irnportaneo and diag¬ 
nostic value of bronchography in the surgical treatment of pulmonary 
tuberculosis. The average case of pulmonary tuberculosis is no longer a treat¬ 
ment problem -with our present antimicrobials and improved sanatorium 
armamentarium. However, the unknown pathologic ravages of the inade¬ 
quately treated cases and the so-called old chronic cases are many fold and 
frequently unexplored. At the Seward Sanatorium, it has been found ex¬ 
pedient to do bronchography almost routinely in all eases before any type 
of surgical treatment is initiated. The current, frequent finding of active 
tuberculous foci in resected specimens in patients with consistently negative 
sputums and the finding of active foci of tuberculosis in lungs apparently 
clear to x-ray studies as reported by Logan,^ add additional importance to 
more intensive diagnostic bacteriologic and roentgenologic study. Buckles 
and associates,' from the Franklin Sanatorium, published a most impressive 
study on the value of bronchography including the pathogenesis of certain 
types of bronchiectatic lesions. Our studies are similar but lack the patho¬ 
logic study of resected specimens. The problem of tuberculosis in Alaska has 
been so overwhelming that only recently have wo been able to initiate studies 
evaluating our treatment efforts. AVc have no ro.sident pathologist in all 
Alaska in civilian practice. 

At the Seward Sanatorium, all patients arc routinely bronchoscoped soon 
after admission. In skilled hands, bronchoscopy is a harmless procedure and 
frequently uncovers unsuspected problem lesions early in the management 
routine. Likewise, bronchography is employed freely as a diagnostic pro¬ 
cedure. Normally, patients scheduled for bronchography are first broncho- 
scoped in order to effect bronchial cleansing. In addition to ordinary bron¬ 
chial aspiration, a 2 per cent solution of ephedrine sulfate in saline as a 
mucosal astringent or medical bronchial dilator agent is injected through the 
bronchoscope and the bronchi lei.surely cleaned by aspiration. The bronchi 
are routinely mapped out under lluoroscopic observation as illu.strated and 
discussed in Di Rienzo’s Radiolorjic Exploration of The Bronchus.^ This is 

Read .at the Thlrty-.HixUi Annual Meetlnc of The American Asaoclatlon for Thoracic 
Surgery at Miami Beach, Fia., May 7 to 9, 1950. 

*From the Seward Sanatorium, B.artlett, Ala.sha. 

••From Hiram College, Hiram, Ohio. 

•••Exchange Fellow, the University of Chicago School of Medicine (Brazil), 
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signally important since many irregularities that appear in tlie dynamic action 
of breathing are not manifest in the static film. lodoehlorol is used as the eoji- 
trast medium injected through an ordinary rubber urethral catheter whicli is 
inserted through the bronchoscope at the time of the bi'onchoscopio asjjiration. 
Lipiodol has also been used but there is no dift’eronce in tlie results and the 
lodoehlorol is more economical. Except in cases of obstructive bronchitis, the 
radiopaque material is almost completely disgorged in a few daj's. Wo Iiavc 
had no complications from its use. All patients except very young children are 
bronehoscoped under topical anesthesia. We use 2.5 per cent cocaine routinely 
in a quantity sufficient to produce good anesthesia; usualb' 4 to 6 e.e. Our 
native patients are unusually cooperative in all these procedures. Patients are 
preoperativeiy sedated with appropriate doses of Nembutal and codeine sulfate. 
Liquid nourislnnent is permitted up to one hour previous to the examination. 

In the past seven consecutive years, 276 such broncliograms iiave been 
made, of which, 240 were in patients of known tuberculosis.* There were 112 
males and 128 females in this study. There were 69, or 28.8 per cent, with bi¬ 
lateral lung involvement of some degree of bronchiectasis. Involvement in one 
lung only was found in 94 ca.ses, or 34.1 per cent. There were 77 in the series 
without morphologic evidence of bronchiectasis. Hence, of the cases studied, 
66.9 per cent had bronchiectasis in some recognizable degree. Since any signifi¬ 
cant amount of bronchiectasis may reasonably categorize a tuberculous patient 
as a candidate for resection, wo have not further classified the eases as to typo 
of broncliieotasis in this discussion. The type varied from cylindrical to large 
pendulous .sacs. 

There were only 29 eases in the series with obvious lower lobe involvement. 
Finding the bronchiectasis mainly in the upper lobes was initially a surprising 
observation, but apparently tliis is not unusual in pulmonary tuberculosis and 
well may have .some significance in the etiology of the disease. On the basis of 
bronchoscopic observations, we have made a tentative division of the cases into 
2 groups: Group 1, those without visible evidence of stenotic bronchitis and 
Group 2, those with such evidence. There were only 9 cases in Group 1. These 
9 eases have bronchograms similar to W, E. (Fig. 1, 1). This Eskimo girl 
came from a large family all of whom have had tuberculosis. Becaase of 
tuberculosis mortality in the family and geographic distances in Alaska, all 
members of the family have not been bronchographically studied. However, 
a bi’other and a sister, now alive with minimal arrested tuberculosis, did not 
have evidence of bronchiectasis. Hence, the apparent cystic disease in W. E. 
is probably not a familial characteristic. 

Confluent active tuberculous involvement of the bronchi is seldom ob¬ 
served in our patients. In over a thousand bronchoscopic examinations, 
ulcerative lesions hare been noted in only 2 patients. Scarring of the bron¬ 
chial mucosa has been observed in many patients. In the absence of ectasia 
of the more distal bronchial divisions, this has not been a serious treatment 

•We arc indebted to Dr. Frank Maresh for the studies done In 19-19 at the SewanI 
Sanatorium. 
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problem either in the medical management or in the postoperative vigil fol¬ 
lowing thoracoplasty or resection. We have not been able to relate this find¬ 
ing to the eonrse of the disease except that onr cases are predominantly 



Tig 1 —Case 1, W. E 1, Posteroanterior 72-mch film before bronchogram. 2, Antero¬ 
posterior 30-mch film 3 and }, Opposite oblique 72-inch films. 


chronic because the general hospitalization program has been grossly in¬ 
adequate for the number of people afflicted. Until recently there has been a 
long waiting period before hospitalization. It would appear that the patients 
had either died or developed a favorable resistance to their disease through 
their own immunologic potential. 

CASE REPORTS 

Case 1. — ^W. E., aged 29, full Eskimo, This case piesents a serious treatment pioblem. 
Ill our judgment, surgical resection is indicated on the basis of the ectasia, but untenable 
because of the existence of the extensiveness of the involvement. Although she is ambu¬ 
latory and has a sputum negative for acid-fast bacilli in repeated concentrate and culture 
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studies, a sliglit cold has normallj made her an invalid for mau> dajs She is then ob 
viouslj djspneic to the extent of cyanosis on exertion ivithout obvious evidence of pneu 
mouic changes m x ray studies at the time She is being kept on an expectant antibiotic 
treatment b i&is us a client in the \ocational training divi'^ion of the Sanatorium, but 
not as a Sanatorium patient 

Case 2 —A W, aged 24 This patient had a negative sputum on admission probably re 
sultant from outpatient mtimicrobial treatment while ivaiting for hospitalization At the 
initial brouchoscopiL examination, bronchography was included because of the suspicious 



Fig '* —Case 2 A W I Posteroantenor 72 inch film before bronchograni 2 Antero 
posterior 30 inch film S and 4 Opposite oblique 72 inch nlras 


shadows m the right lower lobe area However, bronchography ro'caled bronchial ob 
struction in the left upper lobe and ectasia in the superior segment of the loner lobe 
Theie was old confluent scarring of the left mam stem bronchus nithout stenosis which 
wo interpreted as old confluent healed tuberculous bronchitis Left upper lobectomy and 
segmental resection nere done tno months ago The sputum has continued negative Tins 
case dramatically demonstrates the treatment evaluation importance of bronchographj 
ithout the bronchogram, she nould likely have been discharged lacking the surgical 
treatment only to bo readnutted at a later date with more extensive ectasia 
















\olumo 52 BliONCIIOGliAPHY IN TKKATMKNT 01' TUBERCULOSIS 825 

Nutnlcro w-v 

Cask 3—L. J, aged 11, Alaijk.iii ludmn This girl 1ms been hospitalized siulo 1949 or 
Hinco ago 7. Fig. d, 1 , althougli i jioor him, jcncaIs no disiase eight jeirs ago bernl 
xraja ro\cal progrejsSiio extenauo bilateral mvoKeincnt that dohed all treatment pro 
cediires. lironcliO'iCopie evaminatious rc\cuIod onlluent scarring of tlio right upper lobe 
bronchus, but no stenosis. The left lower lobo w is sinnlnr The bronchogrums suppoit 
this observation. Both the right upper and the Ictf lower lobes are obviously of no respira 
tory value to her. Kesection of the left lower lob< was doiu two months ago Her post 
operatuo course was uno\eutful, Bight upper loin tonn i'* '-till to be done The sputum 
IS and has been negative to concentrate and culture f r two muis 

DISCUSSION 

These cases aie lepresenlativc of the types of lesions fieqiiontJy found in 
Alaskan patients wlien adequately studied. They aie voi-y intoiiuativc ex¬ 
amples of the value of bioiiehography. Although, iu cases of bioneluectasis 
of uoutubcrculous type we aie conservative iu doing surgical lestclion, ve 
believe that these patients who have once had a sputum positive for acid fast 
bacilli should have the advantage of icscction of the involved areas if feasible 
fioin the lesphatory reserve evaluation. Also, many of our patients letuin 
to icmote aicus where they may be visited by itinerant iiuises only as often 
as every thiee to six months. Ceitainly, in the light of studies indicating the 
questionable ariest of cases even though sputum studies aie negative, it is 
advisable to do resections when the indications aie present as discussed in 
this presentation. 

CONCLUSIONS 

1. Bronchography is a desirable procedure in the determination of the 
pioper treatment to be followed in pulmonary tuberculosis 

2 Bionchogiaphy is a relatively innocuous procedure in careful, slcilled 
hands. 

3 Photogiaphs of x-ray films demonstrating informative bronchography in 
pulmonary lesions are included with case comments. 
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Discussion 

DR JOHN W BELL, Sunmount, N Y—I wish to compliment Dr. Phillips on these 
excellent results in the face of considerable economic handicaps with this group of patients 
in Alaska I would like to emphasize the great value of bronchography preoxierativeh in 
planning the extent of pulmonary resection. We can get an estimate of the probabihtj 
of doing some type of resection from preoperative x rays, but actually knowing whether 
lou are going to have to do more than an upper lobectomj, say, including the middle or 
superior segment of the lower lobe, often can be determined only at operation and some 
times e\ en that is di&cult 

(slide) In this instance, we had considered doing a left upper lobo procedure, either 
a segmental resection or a left upper lobectomv for a 2 or 3 cm cavitv in this area How 
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ever, bronchography demonstrated crowding and clubbing of the left lower lobe bronchi. 
We believed that a pneumonectomy would probably be necessary and that the patient 
would not tolerate resection well because he had contralateral cavitary disease and limited 
respiratory function. 

(slide) This is a preoperative bronchogram. A right upper lobectomy was carried 
out in this patient. You can see the unrecognized ectasia of the lower lobe existing at 
that time. 

(slide) This same patient, a young Negro, came back eighteen months later with this 
bronchogram. The basilar segmental bronchi were so-called "sacs of pus." This was a 
nontuberculous secondary infection of a pre-existing bronchiectasis. We completed a 
pneumonectomj" on this side. 

DE. EICHAED H. MEADE, Grand Eai>id3, Mich.—^^tHiile I U’as in Paris last June, 
Dr. Mathey took me to a tuberculosis sanitarium where he carried on his work, and I was 
very much interested in the radiology laboratory. Not only were they doing bronchograms 
on aE patients before deciding on resection, but they were combining tomography with 
bronchography. Another point I think is worth mentioning. Dr. Bell mentioned that he 
used DionosU. While I was in Davos, Switzerland, last summer, I liad the pleasure of visit¬ 
ing Dr. Iselin, and he showed me the beautiful bronchograms that he had made with the use 
of DionosU. I attempted to use it myself on my return but got into great difficulty. Tlien 
an article appeared in Diseases of the Chest on this subject, in which nothing was said about 
the preparation of the Diouosil. To those who know how' to use it, wdiat I say is super¬ 
fluous, but for those who do not know, if you don’t heat the syringe and if you don’t 
heat the Dionosil, it is just like trjiug to inject barium sulfate. 

DE. P. J. PHILLIPS (Closing).—Thank you very much. Dr. Bell and Dr. Meade, for 
your encouraging comments. We have not tried Dionosil, mainly because we have had 
such good success with lodochlorol, and because of the difficulties in getting the material. 
Economy is something to be considered up there where we have not too much money. I 
am encouraged that so many people are so enthusiastic about bronchograms, and I would 
like to say that I think what has held up bronchographv more than anything is the old 
wives’ tale that we all heard many years ago, that if you dared to get iodine near a 
patient with tuberculosis he w'ould automatically get a fulminating spread. Obviously, 
this is not true. 



ESOPHAGEAL EXCLUSION FOR PERSISTENT IlsTlLA POLLOWING 
SPONTANEOUS RUPTi RE 01 TUI I sGINI VGUS 

JuLiAK Johnson, MD, D Sc {JIej> I, Cut i W Si n\j i ii i\, jMD , 

On M!LES i\ Kikb\ 11D 
Phii,\di- PlIH I’A 

S pontaneous mptuio of the csoi hagus «as almost umfi iiiilv t ilal Horn 
the time it was fiist clcseiibed by Bocihuue m 1724 uutii Hiasoii and 
Welty' leviewod the htoiatuie in 194G IIo« \ci, duiing thi past trn ycais 
many patients have been tieatcd successfnilj and theie has btui intieasing 
inteiost in this subject It is now (luitc uidely recognized that an e nly diag 
nosis of spontaneous luptuio of the esophagus tan usually be made, even 
though the symptoms aie voiy snmlai to those of othoi seiious conditions 
uhioh oceiu much moio commonly, and that immodiati thoiaeotomy ivith 
olosuio of the esophageal poifoiation and adccpiate diainago of the chest is 
the tieatment of choice. 

The ehnical piotuie is one of acute scveie pain in the letiosteinal aiea 
and peiliaps epigastiium which often is secondaiy to vomiting following a 
laigc meal oi dunking spiee The diagnosis is apt to be confused uith 
coionary occlusion, a dissecting aucuiysm of the aoita, oi a porfoiated peptic 
ulcer below the diaphiagm The patient’s clinical pictuie is one of a majoi 
catastiophe The diagnosis of spontaneous peifoiation of the esophagus is 
usually confirmed by an a. lay exauiiiiation Jlcdiastuial emphysema oi an oi 
fluid m the pleuial cavity should substantiate the diagnosis The most common 
mistake made is piobably aiiiving at a diignosis of acute coionaiy occlusion 
and deciding that the patient is too sick to have an x i ay examination, the 
coiieet diagnosis being made only aftei siibciitaueoiis emphysema appeals m 
the neck oi at autopsy 

If empyema develops following spontaneous i up tine of the esoiihagus, 
either because the defect is not sutuied oi because the sutuio line breaks down, 
some patients can be tieated successfully by pioviding adequate diainage of 
the lower portion of the thoracic cavity The fistula seals ovei and the drain 
age tract is obliteiated in a niannei snnilai to that follomng tiaumatic peifoia 
tiou of the ceivical esophagus Pcisistence of an esophageal fistula in the 
cervical aiea is raie and has not occuircd in oiu expciience In the tlioiax, 
on the othei hand, paitieulaily following spontaneous peifoiation of the 
sophagus, a fistula may peisist in spite of appaiently adequate diainage and 
the application of siietion 

rrom the Department of Surgery Hospital of tlie University of Tennsylvanla Phila- 
delphn Pa. 

Received for publication July 11 1956 
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The purpose of this paper is to call attention to the principle of exclusion 
from the intestinal tract of that portion of the esophagus involved, as a means 
of overcoming the mediastinal and pleural infection. Three patients are re¬ 
ported who had a persistent fistula following spontaneous rupture of the 
esophagus. The first patient died in spite of the fact that apparently ade¬ 
quate drainage of the chest was provided. The second and third patients ap¬ 
peared to be running the same downhill course despite apparently adequate 
drainage. The thoracic esophagus was excluded from the stomach and 
cervical esophagus. TMs appears to have been a lifesaving measure for both 
patients. 

CASE REPORTS 

Case 1.—M. L., aged 59, was operated upon in another hospital on Jan. 14, 1954, 
because of severe acute symptoms and signs high in the epigastrium which were thought 
to be due to a perforated peptic ulcer. The upper abdomen was explored through a right 
rectus incision and no abnormalities were found. Postoperatively he got along fairly well 
but on the third or fourth day began to get short of breath and it became evident that he 
had a large right pleural effusion. Creamy pus was aspirated from the chest and he was 
transferred to the Hospital of the University of Pennsylvania for further care. On ad¬ 
mission he appeared to be acutely ill but not desperately so. An air-fluid level in the lower 
portion of the mediastinum suggested the possibility that he had had an esophageal 
perforation. 

A thoracotomy was performed the follotving daj', live days after the first operation. 
There was thick creamy pus occupying the low’er third of the right hemithorax and a 
perforation of the esophagus, one inch long, w'as found on the right lateral wall of the 
esophagus about three inches above the diaphragm. The esophageal defect was closed with 
the hope that healing might take place in spite of the intense inflammatory reaction which was 
present. The mucous membrane adjacent to the defect did not appear to be inflamed. The 
involved portions of the right lung were decorticated and all the fibrin clots and exudate 
were cleared out of the lower portion of the thoracic cavity. Two large drainage tubes 
were inserted and the thoracotomy incision was closed. 

For three or four days postoperatively it appeared that the right lung remained 
well expanded with the aid of suction and that there was no further leakage from the 
suture line. By the end of the week, however, drainage through the thoracotomy tubes 
had increased and it was evident that the suture line had not held. A gastrostomy was 
performed for feeding purposes. The amount of drainage from the chest tubes varied 
but most of the time it was large in amount and much of the time gastrostomy feedings 
■were noted in the drainage bottles. Protein hydrolysates and plasma were administered 
intravenously in large amounts. The electrolyte balance was maintained without great 
difficulty but the patient lost weight steadily. The possibility of isolating the thoracic 
esophagus from the cervical esophagus and stomach thereby diverting his salivary and 
gastric secretions away from the fistula tract was considered but by the time the decision 
was made to take such a step, the patient had deteriorated beyond hope for another pro¬ 
cedure. He died about three and one-half weeks after the attempted suture of the 
esophageal defect. On post-mortem examination there was no evidence of undrained pus, 
but the drainage tract (empyema cavity) along the diaphragm was quite large and evi¬ 
dently accounted for the extensive protein loss. The esophageal defect was only one 
centimeter long. 

Comment: TMs man appeared rather robust on admission but went down¬ 
hill rapidly and died in three and one-half weeks despite adequate drainage. 



\ oiuJ e 32 
Number 6 


E&OPH VGL VL rXCLUSION TOK PEBblbTENT FISTULA 


829 


The eontmuiiig soilage ot the thoiacic caMtj Mith silnary and gastuc sccietions 
kept leactiiatiug the empjeiua and mediastinitis with subsequent loss of laigo 
amounts of piotein 

Cvsj 2 —P Iv, i Jl^eirold %\hitc luaii, experienced Mty severe epig^astriL pain 
follo\\ed shortlj b> collapse after eating a lar^je dinner and \omiting on Julj 22, 1954 
This nas diagnosed as an instance of acute coronan otclusion and appropriate treatment for 
this diagnosis nas given until tlio follouing daj when cliest dims nere taken and revealed a 
1 ft hjdropneumothorax A No 20 catluttr u i3 inserted into the left pleural cavity to rc 
licve djspnci and the pitient was trinsportel sixtj miles to the Hospital of tho Univer&itj 
of Pennsylvania where a left thoracotomy was perfornnd that eveuing, approximately twenty 
four liours after the on^^et Ho was in an cxtuuio degree of lenpheral vasculir collapse and 
was in seniicoma at the time of optritioii Hih chances of survival did not seem good 

Tho left pkural cavity cont uned purulcr t material in addition to food particles, such 
IS pc\s, m large amounts Ihe tsopha^eal iiorforation was on the left lateral will about 
three inchib above the diaphragm ‘Ihc ana of perforation in the mediastinal pleura into the 
hft plouial cavity was about four iiiohcs in Icngtii and the periesojal gtol tissues wert verely 
mil lined, appcinng black uid necrotic in places Ihe entiip left pleural cavity si owe! evi 
denco of intense inflammation witli erythei i and eiigorgemci t of tho subpleural bl n I vessels 
Food pirticles and exudate were removed nd the left pleural cavity was cxtensiveU drained 
Tho pitient survived this procedure and responded in a gratifying mnnner to antibi tics mil 
general supportive therapy but it vv is soon evident tliat the closure of the isophagus was not 
‘<ucce6sful On tho fifth postoperative dav a Ltvin tube was passel into tho stomaeh and 
gastrostomy feedings were given through the tube until tlie patient no longer tolerated its 
presence It was removed and a gastrostomy was performed on Aug 17, 1954 care being 
taken to pass tho gastrostomy tube around the duodenal loop because of tlie i.xpcricnce in 
Ciso 1 of the feedings coming out through the esophageal fistula Ihis hi not prevent 
leakage of significant amounts of gastrostomy feedings to tlio esophagotutaneous fistula, 
howover, along with large amounts of saliva and gastric yuice He went steadily downhill 
with a course characterized by rapid weight loss and a toxic appearance d spito <?upportivc 
care by a largo staff and an additional drainage proccduio to eii'^ure that no areas of in 
adequate drainage were pre'«cnt It bceaino evident tliat this man was going to die as tho 
first patient had unless some radical step could be tal eu to exclude the fistula 

Finally, on Sept 1, 1954, nearly six weeks aftci tlie spontaneous perforation of tho 
esophagus, the esophagogastric junction was divided through a left subcostal incision and 
both ends wore sutured This resulted in considerable deerea'^o in the amount of drainage 
from the fistula tract and the temperature came down somcwliit Ho stiH had persistent fever 
and considerable drainage and despite our hopes that it niiglit be avoided, tlie lower ccrvicil 
esophagus was divided about ten days later, with suture of the di'^tal end and exteriorization 
of the proximal end as an external esophagostoniy just above tho loft clavicle Tho amount 
of drainage from the fistula tract then decreased in a most dramatic fashion and Ins 
temperature gradually returned to normal 

He left the hospital on Oct 22, 1954, approximately tlireo months after tlic onset of his 
illness, to gam strength and weight in preparation for esophageal reconstruction at a later 
date Prior to discharge it was established that there was a bronchopleural fistula on tho 
left which appeared to be largely responsible for occasional low grade fever accompaniud 
by wheezing and rales in the left lung Because of persistence of these signs and syinp 
toms and the threat believed to be inherent in persistence of tho broncliopleural fistula, 
the remaining segment of the thoracic esophagus, including the original site of rupture, 
was excised on Hay o, 1955 nearly ten months after tlic first operation Ihe esophagus 
was found to bo distended with about 300 c c of purulent matenil identical in nature to 
the drainage material which had been persisting from the wound The bronchial fistula wius 
not vi'iuahzed at operation but comiiletc healing, following removal of d tu? 

curred a short time after tins procedure The patient continued to do ' 
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until about six months later for esophageal reconstruction. In the meantime he had lived 
a comfortable and relatively normal life nuth his gastrostomy and external esophagostomy. 

On Sept. 28, 1955, a jejunal loop prepared by the Eoux-Y principle was brought up 
behind the sternum to the lower cervical region. There was no tension and the blood supply 
appeared to be entirely satisfactory after observation for one-half an hour. Tliere were no 
difficulties following tlus procedure and three months later the cervical esophagus was anas¬ 
tomosed to the jejunal loop in the neck. Healing again was uneventful but the patient had 
intermittent diarrhea. This was overcome by connecting tlie new esopliagus (jejunal loop) 
to the stomach, allowing his food once more to have a normal course through the stomach. 
He is now apparently restored to normal health. 

Case 3.—S. Z., a 40-year-old man, was brought to the Hospital of the University 
of Pennsylvania on Nov. 13, 1954, within a relatively short time following the typical 
symptoms and signs of spontaneous perforation of the esophagus. The esophageal rent 
on the left lateral wall, about three inches above the diaphragm and % of an inch long, 
was closed by a meticulous suture technique about six hours after the onset. In spite of 
the favorable time factor, a virulent infection developed, including emi^yema of tlie right 
pleural cavity, and the suture line broke down with the development of a persistent fistula, 
as in the other 2 patients, despite adequate drainage of both pleural cavities. This patient 
presented the same picture of loss of gastrostomy feedings as well as large amounts of 
gastric and salivary juices through the fistula tract, rather rapid loss of weight, and in¬ 
creasing toxicity. The fistula-containing esophageal segment was excluded, as in the 
previous patient, by dividing the esophagogastric junction and the lower portion of the 
cervical esophagus seventeen and lifty-live days, respectively, after spontaneous perfora¬ 
tion occurred. The fever subsided and the patient showed a steady weiglit gain. 

Several months later, after he had gained five pounds, lie was readmitted to the hospital 
and, on June 24, 1955, a jejunal limb was brought up to the neck rotrosternally as previ¬ 
ously described. The mesenteric vessels were not quite as long in this instance, however, 
and the color of the most cephalad portion of the jejunal limb did not remain good unless 
it was allowed to recede a short distance below the suprasternal notch. At the final stage, 
performed on Sept. 20, 1955, difficulty in approximating this end of the jejimum to the 
exteriorized upper esophageal segment was anticipated but the two ends came together quite 
readily after only a moderate amount of mobilization. There was a small amount of leakage 
from the suture line for a short time but this caused no difficulties and, at the present 
time, he is swallowing entirely satisfactorily with maintenance of adequate weight and 
a normal nutritional status, although his food does by-pass the stomach. 

The drainage tract leading from the esophageal fistula in this patient finally healed 
on Nov. 25, 1955, and there has been no evidence of formation of a mediastinal collection 
or cystic dilatation of the esophageal remnant as evidenced by x-ray examination. 

COMMENT 

The principle of exclnsion has long been applied to the treatment of fistulas 
of other portions of the intestinal tract, particularly of the colon, following 
wounds or ruptured diverticulitis. It now seems reasonable to us that ex¬ 
clusion of a fistula of the lower thoracic esophagus is even more important 
than elsewhere in the gastrointestinal tract. The mediastinum and the em¬ 
pyema cavity are apt to be the site of very virulent infection because of the 
continuing soilage by pathogenic organisms and the enzymatic and chemical 
action of the saliva and gastric juice. These patients have become more 
rapidly depleted than those with gastric or duodenal fistulas, probably be¬ 
cause of the large amount of protein lost from the infected pleural surfaces, 
plus the toxicity of the virulent pleural infection which is constantly kept 
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dctnated by additional oiganibiu!, In addition, tlioie may, of couise, bo 
uioimous losses ot natti and cssintial clcetiohtes ot the sdna and gastiic 
juices Gieatei oi lesser amounts oi gastiostomy feedings also came out 
tbiough the fistulous tiaet in spite of cffoits to pass the gastiostomy tube 
aiound the duodenal loop in all tliiee instances 

Ilcsitation 111 peifoimiiig the e\clusion pioceduie caused some delay in 
all 3 patients ’When fiist coiisideied, the pcimanency of pioceduies which 
completely exclude the imohcd esophageal segment, and the difficulties of 
latei esophageal constiuction aie impiessivc baiiieis AVe haic become con 
Miiced, liowovei, that i\litii a patient begins to slip with the chaiacteristic 
signs and symptoms noted in these 3 patnnts, the ladical couist which we 
lia\o outlined should be undeitaken m spite of the ciideiit disadiant iges and 
pioloiiged diseomfoit uliieh ateompiny the multiple opeiations Ihe fistula 
IS excluded by diiidiiig the stomach at its lunction with the esoph igus and 
sutuiiiig both ends A gastiostomy is pcifoimed at the same time foi feeding 
The sail! a is diveited auay fiom the fistuli by dniding the esophagus in the 
lowei ceivieal aiea, closmg the distil end and bunging out the proximal end 
as ail external oeivical esopliagostomy 

A number of looonstiuctive pioceduies aie now a\ iilable"* and suffieient 
expeiienoe has accumulated so that they may be undei taken with irasonable 
eonfldoiiee that the outcome uill be successful htomaeh jejunum ci eolon 
may be used foi esophageal leplaccmciit with the lattei two being picferable 
to the foiinei It now seems feasible to lec nstiuct the esiplngus behind the 
stouium in most iiistaiices lathei than antcthoiaciealh although a certain 
iisk of neciosis of the segment which is adiancod uji to the neck is always 
piesent AVitli piopei judgment, skill, and ospeiionce this iisk can probably 
be kept at a veiy low lei el 

If a jejunal loop, utilizing the Roux \ piinciple is bi ought up to the 
ceil leal esophagus, nutiition may not be adeepiatel} maintained m an occa 
sional patient unless the substitute esophagus is anastomosed to the stomach 

AVhethei it is iiocessaiy to itmove the iiaticnt’s esophageal segment luclud 
mg the fistula has not been definitely estiblishcd Animal expeiimcnts sug¬ 
gest that It may not bo nocessaiy, at least in some nistanees = 

CONCLUSIONS 

1 Following spoilt iiioous peifoiation of the esophagus, a persistent esoph 
agoeutaueous fistula may lesult, despite adequate drainage, if the fistula is not 
sutuied 01 if the sutuie line bleaks down 

2 Undei such cii eurastances adequate diainage of the low ei portion of the 
pleuial cavity with application of suction niiy lead to healing of the fistula 
111 some instances In some patients, howei er, the fistula wall persist in spite 
of adequate diainage 

3 AVheii theie is a peisistent fistula the patient has a Miuleiit empyema 
constantly bathed with salivaiy and gastiic juices and he becomes rapidly 



834 


ANNOUNCEMENTS 


J. Thoracic Siir^. 
December. 1056 


Five, repeat, five copies of each abstract must be sent to Miss Ada Hanvey, 
Administrative Assistant, The American Association for Thoracic Surgery, 600 
South Kingshighway, St. Louis 10, Missouri. 

Those on the program are reminded that papers presented at the meeting 
must be handed to the secretary immediately after their presentation. If they 
are not ready at that time there is a chance that they will not be published in 
The Journal op Thoracic Surgery. 

Motion Picture Session 

Provisions have been made to show a limited number of motion pictures to 
be selected on a competitive basis. The films themselves, together with descrip¬ 
tive material concerning length of presentation, etc., must be received bj'' Dr. 
Karl P. Klassen, The Ohio State University, Columbus 10, Ohio, before Dec. 15, 
1956. 

It is planned to run the motion pictures in a smaller room at the same time 
as the scientific sessions. If the films are well labeled, it will not be necessary 
for the author to be present for comment. 

Applications for Membership 

Applications for Associate Membership in the Association must be received 
by the Membership Committee not later than Dee. 15, 1956, otherwise the appli¬ 
cation Avill be deferred for consideration until the 1958 meeting. 

Applicants must be sponsored by three Active or Senior ]\Iembers of the 
Association. In addition to the signatures on the application form, the sponsors 
will forward a separate letter concerning the applicant directly to: 

Dr. 0. T. Clagett 

Chairman of the IMembership Committee 
Mayo Clinic 
Kochestei', Minn. 

Sponsors are reminded that new letters of recommendation must be for¬ 
warded to the Membership Committee should their applicants be held over for 
reconsideration a second year. The new letters of recommendation should also 
be sent to Dr. Clagett, the Chairman of the Membership Committee. 
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